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10 PERHYDROLASE 

The present application claims priority under 35 U.S.C. §1 19, to co-pending U.S. 
Provisional Patent Application Serial Number 60/526,764, filed December 3, 2003. 

15 

FIELD OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
20 peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

BACKGROUND OF THE INVENTION 

Detergent and other cleaning compositions typically include a complex 
25 combination of active ingredients. For example, most cleaning products include a 

surfactant system, enzymes for cleaning, bleaching agents, builders, suds suppressors, 
soil-suspending agents, soil-release agents, optical brighteners, softening agents, 
dispersants, dye transfer inhibition compounds, abrasives, bactericides, and perfumes. 
Despite the complexity of current detergents, there are many stains that are difficult to 
30 completely remove. Furthermore, there is often residue build-up, which results in 
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discoloration {e.g., yellowing) and diminished aesthetics due to incomplete cleaning. 
These problems are compounded by the increased use of low {e.g., cold water) wash 
temperatures and shorter washing cycles. Moreover, many stains are composed of 
complex mixtures of fibrous material, mainly incorporating carbohydrates and 
carbohydrate derivatives, fiber, and cell wall components (e.g., plant material, wood, 
mud/clay based soil, and fruit). These stains present difficult challenges to the 
formulation and use of cleaning compositions. 

In addition, colored garments tend to wear and show appearance losses. A portion 
of this color loss is due to abrasion in the laundering process, particularly in automated 
washing and drying machines. Moreover, tensile strength loss of fabric appears to be an 
unavoidable result of mechanical and chemical action due to use, wearing, and/or 
washing and drying. Thus, a means to efficiently and effectively wash colored garments 
so that these appearance losses are minimized is needed. 

Cleaning compositions that comprise esterases, lipases and cutinases are well- 
known in the art. However, these enzymes have a very low ratio ofperhydrolysis to 
hydrolysis. This results in the conversion of most of the ester substrate into acid, instead 
of the more desirable peracid. This is a serious drawback, since formula space and cost 
considerations render it feasible to include only a limited amount of substrate. 

In sum, despite improvements in the capabilities of cleaning compositions, there 
remains a need in the art for detergents that remove stains, maintain fabric color and 
appearance, and prevent dye transfer. In addition, there remains a need for detergent 
and/or fabric care compositions that provide and/or restore tensile strength, as well as 
provide anti-wrinkle, anti-bobbling, and/or anti-shrinkage properties to fabrics, as well as 
provide static control, fabric softness, maintain the desired color appearance, and fabric 
anti-wear properties and benefits. In particular, there remains a need for the inclusion of 
compositions that are capable of removing the colored components of stains, which often 
remain attached to the fabric being laundered. In addition, there remains a need for 
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improved methods and compositions suitable for textile bleaching. 

In addition to the fabric and garment cleaning area, bleaching is commonly used 
in the pulp and paper industry. Prior to production of paper, pulp is typically treated to 
remove undesirable colored contaminants. This provides pulp that is suitable for 
5 production of paper of higher quality than pulp that is not treated to remove colored 
contaminants and other undesirable components present in pulp. For example, in the 
paper recycling industry, removal of ink is necessary. Although standard methods are 
suitable for deinking paper with oil or water-based inks, the increased use of electrostatic 
inks has made deinking problematic, as these inks are much more difficult to remove. 

10 There are various methods available for deinking paper, including the use of enzymes 
(See e.g., U.S. Patent No. 5,370,770). However, there remains a need in the art for 
efficient, cost-effective methods for treatment of pulp for paper (recycled and new) 
product production. 

Bleaching is also commonly used in the personal care market (e.g., dental 

15 whiteners, hair bleachers, etc.). Although personal care bleaching products have 
improved over the years, there remains a need for mild, easy to use, cost-effective 
bleaching methods for this setting. 


20 SUMMARY OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
25 bleaching and disinfecting. 

In some embodiments, the present invention provides compositions comprising at 
least one perhydrolase, wherein the perhydrolase exhibits a perhydrolysis to hydrolysis 
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ratio that is greater than 1 . 

The present invention also provides isolated perhydrolases, wherein the 
perhydrolases exhibit a perhydrolysis to hydrolysis ratio that is greater than 1. In some 
preferred embodiments, the perhydrolase is M smegmatis perhydrolase. In alternative 
5 preferred embodiments, the perhydrolase is at least approximately about 35% 

homologous to M smegmatis perhydrolase. In further embodiments, the perhydrolase is 
at least approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95%, or 99% homologous to M. smegmatis perhydrolase. hi additional preferred 
embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 
1 0 NO:2. In some preferred embodiments, the perhydrolases have immunological cross- 
reactivity with M smegmatis perhydrolase. In still further embodiments, the perhydrolase 
is at least a portion of M. smegmatis perfiydrolase, wherein the perhydrolase has a 
perhydrolysis to hydrolysis ration that is greater than 1. In alternative embodiments, the 
perhydrolase is a structural homologue of M. smegmatis periiydrolase, in which the active 
15 site is homologous to at least one amino acid selected from the group consisting of S 1 1 , 
D192, and HI 95 of theM smegmatis perhydrolase. 

The present invention also provides isolated perhydrolase variants having amino 
acid sequences comprising at least one modification of an amino acid made at a position 
equivalent to a position in M smegmatis perhydrolase comprising the amino acid 
20 sequence set forth in SEQ ID NO:2. In some embodiments, at least one modification is 
made at an amino acid position equivalent to a position in M. smegmatis perhydrolase 
comprising the amino acid sequence set forth in SEQ ID NO:2, wherein the modified 
amino acid is selected from the group consisting of Cys7, AsplO, Serl 1, Leul2, Thrl3, 
Tipl4, Trpl6, Pro24, Thr25, Leu53, Ser54, Ala55, Thi^4, Asp65, Arg67, Cys77, Thr91, 
25 Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, Phel50, Hel53, 
Phel54, Thrl59, Thrl 86, Ilel92, Ilel94, and Phel96. In further embodiments, the 
modification comprises at least one substitution at an amino acid position equivalent to a 
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position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 
Ml, K3, R4, 15, L6, C7, D10, SI 1, L12, T13, W14, W16, G15, V17, PI 8, V19, D21, 
G22, A23, P24, T25, E26, R27, F28, A29, P30, D31, V32, R33, W34, T35, G36, L38, 
5 Q40, Q41, D45, L42, G43, A44, F46, E47, V48, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, 160, D61, D62, P63, T64, D65, P66, R67, L68, N69, G70, A71, 
S72, Y73, S76, C77, L78, A79, T80, L82, P83, L84, D85, L86, V87, N94, D95, T96, 
K97, Y99F100, R101, R102, P104, L105.D106, 1107, A108, L109, G110, Mill, S112, 
VI 13, LI 14, VI 15, Tl 16, Ql 17, VI 18, LI 19, T120, S121, A122, G124, V125, G126, 

10 T127, T128, Y129, P146, P148, W149, F150, 1153, F154, 1194, and F196. 

In some preferred embodiments, the variant perhydrolase exhibits a change in 
peracid hydrolysis compared to the wild-type perhydrolase. In some embodiments, the 
change in peracid hydrolysis is a decrease, while in other embodiments, the change in 
peracid hydrolysis is an increase. 

15 In some alternative preferred embodiments, the variant perhydrolase exhibits a 

ratio of peracid hydrolysis of about 0.1 or less, in comparison with wild-type 
perhydrolase. In alternative preferred embodiments, the variant perhydrolase comprises 
at least one modification comprising at least one substitution at an amino acid position 
equivalent to a position in M. smegmatis perhydrolase comprising the amino acid 
20 sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from the 
group consisting of R4, L12, G15, P18, R27, W34L38, A44, E51, G52, L53, S54, T58, 
R67, L68, S72, A79, T80, D85, L86, V87, N94, K97, R101, VI 18, LI 19, G124, G126, 
and 1194. 

In further alternative embodiments, the variant perhydrolase exhibits a ratio of 
25 peracid hydrolysis of about 0.2 or less, in comparison with wild-type perhydrolase. In yet 
additional embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of R4, 15, 
D10, L12, W14, G15, P18, V19, T25, R27, W34, L38, A44, 149, E50, E51, G52, L53, 
S54, A55, R56, T58, N59, D62, T64, D65, R67, L68, N69, S72, S76, C77, A79, T80, 
5 L82, P83, D85, L86, V87, N94, T96, K97, R101, L82, P83, L86, V87, N94, T96, K97, 
FlOO, R101, LI 09, Ml 1 1, LI 14, VI 18, LI 19, A122, G124, G126, T127, Y129, W149, 
and 1194. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.3 or less, in comparison with wild-type perhydrolase. In some 

0 embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of R4, 15, D10, L12, W14, 
G15, L12, PI 8, VI 9, G22, A23, T25, E26, R27, W34, G36, L38, Q41, L42, G43, A44, 

5 149, E50, E51, G52, L53, S54, A55, R56, T57, N59, T58, D62, T64, D65, R67, L68, 
N69, G70, S72, Y73, S76, C77, A79, T80, L82, P83, D85, L86, V87, N94, T96, K97, 
Y99, FlOO, R101, R102, P104, L109, G110, Ml 11, LI 14, VI 18, LI 19, A122, G124, 
V125, G126, T127, Y129, W149, F154, and 1194. 

In yet further embodiments, the variant perhydrolase exhibits a ratio of peracid 

) hydrolysis of about 0.4 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of R4, 15, 

! L6, D10, SI 1, L12, W14, G15, W16, P18, V19, G22, A23, T25, E26, R27, F28, W34, 
T35, G36, L38, Q41, L42, G43, A44, D45, E47, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, T58, 160, D62, T64, D65, R67, L68, N69, G70, S72, Y73, S76, 
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C77, A79, T80, L82, P83, D85, L86, V87, N94, P66, T96, K97, Y99, F100, R101, R102, 
P104, 1107, L109, G110, Mill, SI 12, LI 14, VI 18, LI 19, S121, A122, G124, V125, 
G126, T127, Y129, W149, F150, F154, 1194, and F196. 

In some embodiments, the variant perhydrolase exhibits a ratio of peracid 
5 hydrolysis of about 0.5 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID . 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 

10 A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI i9, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

15 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

20 E26, E47, E51, F150, F196, F28, G110, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82,M111, P104, P66,R102, R67, Sll, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, Y99, G190, V191, G193, T197, N201, 
D203, L208, A209, V212, L215, and L216. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 

25 hydrolysis of about 0.6 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
5 T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Ml 11, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
10 A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, 041, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, Sll, SI 12, S121 , S54, S72, T25, 
15 T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
V113, V125, V19, W16, Y129, Y73, Y99, G190, V191, G193, T197, N201, D203, L208, 
20 A209,V212,L215,andL216. 

In yet additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.7 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, LI 19, 
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L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, S112, S54, S76, Tl 16, T120, 
725, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, 138, L53, L68, L86, N94, P18, R101 , R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, LI 09, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
10 E26, E47, E51, Fl 50, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, L109, L114, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
15 P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21 , D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, LI 05, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 
20 Y73, Y99, G190, V191, G193, T197, N201, D203, L208, A209, V212, L215, and L216. 

In still further embodiments, the variant perhydrolase exhibits a ratio' of peracid 
hydrolysis of about 0.8 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, LI 19, 


9 


PC - k W ®2 ? ^-^-' , +0*08 .. PCT/LS2004/040438 
GC821-2 ^ 


L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, DIO, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, FlOO, R101, L109, Mil 1, L114, LI 19, W149, Yld29, A122, G126, T127, 
A23, A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 
149, K97, LI 09, LI 1 4, LI 1 9, L12, L38, L42, L53, L68, L86, PI 04, P83, Q41 , R102, R56, 
R67, S54, T57, VI 1 8, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
10 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 1 8, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
15 P66, R102, R27, SI 1, S112, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Mil 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, V17, V19, WI4, W149, W16, Y129, 
20 Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, Y73, G190, V191, G193, T197, N201, D203, L208, A209, 
25 V212, L215, and L216. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 1 .5 or greater, in comparison with wild-type perhydrolase. In some 
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preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
5 A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
L42, L68, L78, L82, L84, N59, ¥66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, PI 8, R101, R27, R4, R67, S54, S72, T58, T80, 
V118, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

10 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, L109, Ml 11, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

15 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, PI 04, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, LI 09, LI 14, L119, L38, L68, L78, L82, L84, Mil 1, N69, N94, P104, P63, 

20 P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, LI 05, LI 09, L12, L38, L42, L53, 
L84, L86, M111,N59, P146, P24, P66, Q41, R102, R27, R56, S112, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 

25 Y99, Al 08, Al 22, A23, A29, A44, A55, A7 1 , A79, C77, D45, D61 , D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
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R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, and Y73, Y99, A108, A44, C7, DIO, D106, D31, D61, D85, 
E26, E51, FlOO, F28, F46, Gl 10, G22, G36, G43, G52, G70, 1107, 1153, 149, 15, 189, K3, 
L105, L53, L6, L78, L86, Ml, N69, P104, P146, P18, P24, P30, P83, Ql 17, Q40, Q41, 
5 R102, R27, R33, R4, S121, S72, S76, T120, T128, T13, T35, T80, T96, VI 15, VI 18, 
V32V48, V87, W34, G190, V191, G193, T197, E198, A199, R202, D203, G205, V206, 
A209,E210,Q211,S214, andL215. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis between about 1.2 and about 1.5, in comparison with wild-type perhydrolase. 

10 In some embodiments, the variant perhydrolase comprises at least one modification 

comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A23, 
A55, C7, D106, D31, D61, D85, E26, E50, E51, FlOO, F150, F28, F46, G110, G126, 

15 G22, G70, 1107, K3, L105, L42, L6, L78, Ml 1 1, N59, N69, PI 04, P146, PI 48, PI 8, P30, 
P63, Ql 17, Q40, Q41, R102, R27, R33, R4, S54, S76, Tl 16, T120, T128, T64, T80, T96, 
VI 1 3, VI 1 5, VI 1 8, W34, and Y73 . 

In yet further embodiments, the present invention provides variant perhydrolases 
in which the variant perhydrolases exhibit a change in perhydrolysis, such that the ratio of 

20 variant perhydrolase perhydrolysis to wild-type perhydrolase perhydrolysis is at least 
about 1 .2. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 
position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 

25 C7, D10, L12, G15, P18, V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, 

Q41, L42, G43, A44, D45, F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, 
P66, R67, L68, N69, A71, S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, 
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K97, R101, T103, P104, L105, D106, 1107, L109, Ml 1 1, VI 13, Ql 17, VI 18, S121, 
G124, V125, G126, T127, P148, F150, 1153, F154, and F196. 

In further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is about 0.8 or less. In some embodiments, the variant 

perhydrolase comprising at least one modification comprises at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ED NO:2, wherein at least one substitution is 
selected from the group consisting of A108, A122, A23, A29, A44, A55, A71, A79, C7, 

10 C77, D10, D106, D21, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 

F154, F196, F28, F46, G110, G124, G126, G15, G22, G36, G52, G70, 1107, 1153, 1194, 
149, 15, 160, 189, K3, K97, L105, LI 09, LI 14, LI 19, L12, L38, L42, L53, L6, L68, L78, 
L82, L84, K86, Ml, Ml 11, N59N94, P146, P18, P24, P30, P66, P83, Q40, Q41, R101, 
R102, R27, R33, R4, R56, R67, SI 1, SI 12, S54, S72, S76, T103, Tl 16, T120, T127, 

15 T128, T13, T25, T35, T57, T64, T80, T96, VI 13, VI 15, VI 18, V125, V17, V19, V32, 
V48, V87, W13, W149, W16, W34, Y129, Y73, and Y99. 

In alternative embodiments, the present invention provides variant perhydrolases 
comprising at least one modification comprising at least one substitution at an amino acid 
position equivalent to a position in M. smegmatis perhydrolase comprising the amino 

20 acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
the group consisting of Al 08, A122, A23, A29, A44, A55, A71, A79, C7, C77, D10, 
D106, D21, D31, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 
F154F196, F28, F46, Gl 10, G124, G126, G15, G22, G36, G43, G52, G70, 1107, 1153, 
1194, 149, 15, 160, 189, K3, K97, LI 05, L109, LI 14, LI 19, L12, L38, L42, L53, L6, L68, 

25 L78, L82, L84, L86, Ml, Mil 1, N59, N69, N94, P104, P146, P148, P18, P24, P30, P63, 
P66, P83, Ql 17, Q40, 041, R101, R102, R27, R33, R4, R56, R67, SI 1, SI 12, S121, S54, 
S72, S76, T103, Tl 16, T120, T127, T128, T13, T25, T35, T57, T58, T64, T80, T96, 
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VI 13, VI 1 5, VI 18, V125, V17, V19, V32, V48, V87, W14, W149, W16, W34, Y129, 
Y73,andY99. 

In yet additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is between about 1 .2 and about 2. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of C7, D10, L12, G15, P18, 

10 V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, Q41, L42, G43, A44, D45, 

F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, P66, R67, L68, N69, A71, 
S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, K97, R101, T103, P104, L105, 
D106, 1107, LI 09, Mill, VI 13, Ql 17, VI 18, S121, G124, V125, G126, T127, P148, 
F150, 1153, F154, F196, G190, E198, A199, R202, D203, V206, A209, E210, Q21 1, and 

15 V212. 

In still further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is between about 2 and about 2.5. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 

20 substitution at an amino acid position equivalent to a position in M smegmatis 

perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A44, C7, D10, D85, D95, 
E26, E47, 1107, L12, 142, P104, P148, S54, Q40, Ql 17, D203, V206, E210. 
In still further embodiments, the variant perhydrolase exhibits a change in perhydrolysis, 

25 such that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is between about 2.5 and about 3. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
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an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
tbe amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A44, C7, 1107, K97, L12, L78, P104, Q40, and 
VI 25. 

In further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is between about 3.0 and about 5. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of D10, D85, L53, L78, and 
S54. 

In still further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.1 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, VI 9, V32, V48, V87, W14, W149, W16, and W34. 
In further embodiments, the variant perhydrolase exhibits a change in perhydrolysis, such 
that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is about 0.2 or less. In some embodiments, the variant perhydrolase 
comprises at least one modification comprising at least one substitution at an amino acid 
position equivalent to a position in M. smegmatis perhydrolase comprising the amino 
acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
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the group consisting of A23, A55, DIO, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 
1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, 
T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, 
F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, 
P146, PI 8, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, 
W149, W16, W34, Y129, and Y73. 

In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.3 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, G110, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, PI 46, PI 8, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
G110, G22, G70, 1153, 1194, 160, 189, K97, L114, L119, L12, L38, L6, L68, L82, Ml 11, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, and Y129. 

In yet additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.4 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
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selected from the group consisting of A23, A55, Dl 0, D62, F150, F196, F28, Gl 1 0, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
5 N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 
10 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, and V87. 

In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.5 or less. In some embodiments, the variant 

1 5 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, FI50, Fl 96, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 

20 T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 1 8, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, Dl 0, D62, Fl 50, 
G110, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Mil 1, 

25 N94, PI 46, Q41 , R102, R27, R4, R56, SI 1 , S54, Tl 20, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
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T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68, L84, L86, Ml 11, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, and Y129. 
5 In further embodiments, the variant perhydrolase exhibits a change in 

perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.6 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising t least one substitution at an 
amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
1 0 the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 

selected from the group consisting of A23, A55, D10, D62, F150, Fl 96, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
15 N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, 735, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
20 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68, L84, L86, Mil 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
25 D21, D62, F150, gl26, G36, G52, 1107, 15, 189, LI 09, LI 14, LI 19, LI2, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, VI 1 5,V1 18, V32, V48, V87, Wl 49, and Y73. 
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In yet further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.7 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
5 an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, Fl 50, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
10 D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150,. 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, Si 1, S54, T120, Tl 3, T25, T35, T80, V48, W14, 
15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L119, L12 L38, L6, 
L68, L84, L86, Ml 1 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 
20 S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, L109, LI 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, VI 15,V1 18, V32, V48, V87, W149.Y73, A122, A23, A29, A71, A79, 
C7, D61, D62, D85, E26, E51, F100, F28, F46, Gl 10, G126, G52, G70, 1107, 149, 15, 
25 160, 189, LI 09, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, Tl 16, T128, T25, T35, T57, T58, T64, V19, V32, V48, V87, 
Y129,Y73,andY99. 
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In additional embodiments, the variant pcrhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perilydrolysis is about 0.8 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, PI 8, R102, R33, R4, R56, SI 12, S54, TI27, T13, T35, T64, T80, T96, ' 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
G110, G22, G70, 1153, 1194, 160, 189, K97, L114, L119, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, Si 1, S54, T120, T13, T25, T35, T80, V48, W14, 
15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, ' 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, ' 
E50, E51, F150, G110, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68, L84, L86, Ml 1 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 
20 S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, L109, L114, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, TI3, T35, T57, 
T58, T80, T96, VI 15.V1 18, V32, V48, V87, W149.Y73, A122, A23, A29, A71, A79, ' 
C7, D61, D62, D85, E26, E51, F100, F28, F46, Gl 10, G126, G52, G70, 1107, 149, 15, 
25 160, 189, L109, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, T116, T128, T25, T35, T57, T58, T64, V19, V32, V48, V87, 
Y129, Y73, Y99, A108, A122, A29, A55, C77, D10, D106, D45, D61, D62, D65, D85, 
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E47, E50, F100, F150, F28, F46, G110, G124, G126, G15, G36, 1153, 1194, 15, 160, 189, 
K3, K97, L105, LI 09, LI 14, LI 19, L38, L42, L68, L84, L86, Ml, N59, P24, P30, P83, 
R101, R27, R4, R56, SI 12, S54, S76, T103, Tl 16, T120, T127, T128, T13, T35, T64, 
V113, V17, V19, V32, V48, V87, Y129, Y73, and Y99. 
5 The present invention also provides perhydrolase variants, wherein the 

perhydrolase variants exhibit greater perhydrolysis activity and decreased peracid 
hydrolysis activity as compared to wild-type perhydrolase. In some embodiments, the 
variant perhydrolases exhibit perhydrolysis activity ratio of at least about 1.2, and peracid 
hydrolysis activity ratio of about 0.8 or less, as compared to wild-type perhydrolase. In 
10 alternative embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A29, 
A44, A55, A71, A79, C7, D10, D106, D31, D85, E26, E47, F150, F154, FI96, F28, 
15 G124, G126, G36, G43, 1153, L109, L42, L53, L109, L42, L53, L109, L42, L53, L68, 
L82, L86, Ml 11, N69, P104, P148, P18, P63, P66, P83, Q117, Q40, R101, R67, S54, 
S121, S72, S76, T25, T64, VI 15, and V19. 

In additional embodiments, the perhydrolase exhibits perhydrolysis activity ratio 
of at least about 1 .2, a peracid hydrolysis activity ratio of about 0.8 or less, and a protein 
20 concentration ratio of at least 0.5, as compared to wild-type perhydrolase. In some 

embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in M smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A29, A44, A71, A79, C7, 
25 D85, E26, E47, E51, F150, F154, F196, F28, G124, G126, G36, 1153, L109, L12, L53, 
L68, L82, Mil 1, N69, P104, P148, P18, P63, P66, P83, Q117, Q40, R101, R67, S121, 
S54, S72, S76, T25, T64, V125, and V19. 
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The present invention provides variant perhydrolases that exhibit an increase in 
expression of the perhydrolase variants, as compared to the expression of wild-type 
perhydrolase. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 


SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 
A2, 15, C7, F8, SI 1, L12, T13, W14, W16, V17, P18, V19, E20, G22, A23, P24, T25, 
A29, P30, V32, T35, G36, V37, A39, F46, E47, S54, A55, R56, T58, 160, D61, D62, 
P63, T64, P66, R67, L68, N69, G70, S72, Y73, L74, P75, S76, C77, L78, A79, T80, L82, 
10 P83, L84, L86, 189, T93, T96, K97, A98, Y99, F100, R101, R102, T103, P104, L105, 
D106, 1107, A108, L109, G110, SI 12, VI 13, LI 14, VI 15, T116, Q117, VI 18, LI 19, 
T120, S121, A122, G124, V125, G126, T127, T128, Y129, P130, P132, K133, L135, 
V136, S138, P141, L142, A143, M145, H147, W149, F150, Q151, 1153, G157, Q159, 
T161, T162, L164, A165, R166, V167, Y168, A170, L171, A172, M175, K176, P178, 
15 A182, G183, S184, V185, 1186, T188, 1194, F196, V191, N201, L208, A209, Q211, 
Q213, S214, L215, and L216. 

The present invention also provides isolated proteins comprising homologs of M. 
smegmatis perhydrolase, wherein the homologs are proteins within the SGNH-hydrolase 
family of proteins. In alternative preferred embodiments, the isolated proteins have at 
20 least about 35% identity with the amino acid sequence of M. smegmatis perhydrolase, in 
which the protein comprises at least three residues selected from the group consisting of 
L6, W14, W34, L38, R56, D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, 
F180, G205, SI 1, D192, and H195. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
25 95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 

embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 


5 


position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 


NO:2. 


22 


P C T^a 2 ^ 05 - 6 ? 82 MIM-3 S PCT/US20II4/040438 
GC821-2 


10 


15 


20 


25 


The present invention also provides isolated proteins having at least about 38% 
identity with the amino acid sequence ofM. smegmatis perhydrolase, wherein the protein 
exhibits perhydrolysis activity. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, • 
95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 
embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ED 
NO:2. 

The present invention also provides homologs ofM. smegmatis perhydrolase, 
wherein the homologs are perhydrolases comprising at least one motif selected from the 
group consisting of GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and 
SDSL-GRTT. In preferred embodiments, the homologs exhibit perhydrolysis. In some 
particularly preferred embodiments, the homologs exhibit a perhydrolysis to hydrolysis 
ratio that is great than about 1 . In still further embodiments, the homologs are 
immunologically cross-reactive with antibodies raised against M. smegmatis 
perhydrolase. In yet additional embodiments, antibodies raised against the homolog 
cross-react with M. smegmatis perhydrolase. 

The present invention also provides isolated proteins having at least-about 35% 
identity with the amino acid sequence of at least one M. smegmatis perhydrolase 
homolog, wherein the proteins exhibit perhydrolysis activity. 

In some particularly preferred embodiments, the present invention provides 
proteins having perhydrolase activity, wherein the proteins are in the form of a multimer 
in solution. In some more preferred embodiments, the protein is a perhydrolase that 
comprises a dimer. In alternative particularly preferred embodiments, the protein is a 
perhydrolase that comprises an octamer. In still further embodiments, the protein is in the 
form of a multimer in solution and the protein is selected from the group consisting ofM. 
smegmatis perhydrolase, M. smegmatis perhydrolase homologs, and M smegmatis 
perhydrolase variants. In yet further embodiments, the protein is selected from the group 
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consisting of modified serine hydrolases and modified cysteine hydrolases, wherein the 
modified serine hydrolases or modified cysteine hydrolases comprise increased 
perhydrolase activity as compared to unmodified serine hydrolases or unmodified 
cysteine hydrolases 

5 The present invention also provides proteins having perhydrolase activity, wherein 

the protein comprises at least one motif selected from the group consisting of GDSL- 
GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. In some 
embodiments, the protein is obtained from a member of the Rhizobiales. In some 
preferred embodiments, the protein is obtained from a member of the genus 
10 Mycobacterium. 

The present invention also provides isolated genes identified using at least one 
primer selected from the group consisting of SEQ ID NOS:21-69. 

The present invention also provides methods for identifying a perhydrolase, 
comprising the steps of: identifying source of the perhydrolase; analyzing the source to 
identify sequences comprising at least one motif selected from the group consisting of 
GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT; 
expressing the sequences identified in step b) to produce the perhydrolase; and 
testing the perhydrolase for perhydrolysis activity. 

In some embodiments, the analyzing step is an amplification step wherein the primer 
sequences set forth in SEQ ID NOS:21-69 are used to amplifying the sequences 
comprising at least one motif selected from the group consisting of GDSL-GRTT, GDSL- 
ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. In still further embodiments, 
the source is selected from the group consisting of environmental sources and 
metagenomic sources. The present invention also provides proteins identified using the 
methods set forth herein. The present invention further provides isolated nucleic acid 
sequences encoding the proteins identified using the methods set forth herein. In some 
particularly preferred embodiments, the proteins exhibit a perhydrolysis to hydrolysis 
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ratio that is greater than about 1. In still further embodiments, the proteins exhibit a 
perhydrolysis activity that is at least about 0.2, compared to the perhydrolysis activity 
exhibited by M smegmatis perhydrolase. In yet additional embodiments, the proteins 
comprise at least three residues selected from the group consisting of L6, W14, W34, 
5 L38, R56, D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, Fl 80, G205, SI 1, 
D192,andH195. 

In further embodiments, the analyzing step comprises searching at least one amino 
acid database. In yet further embodiments, the analyzing step comprises searching at 
least one nucleic acid database to identify nucleic acid sequences encoding the amino acid 
10 sequences of the perhydrolase. In still further embodiments, the source is selected from 
the group consisting of environmental sources and metagenomic sources. The present 
invention further provides isolated nucleic acid sequences encoding the proteins 
identified using the methods set forth herein. In some particularly preferred 
embodiments, the proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 
15 about 1. In still further embodiments, the proteins exhibit a perhydrolysis activity that is 
at least about 0.2, compared to the perhydrolysis activity exhibited by M smegmatis 
perhydrolase. In yet additional embodiments, the proteins comprise at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, Gl 10, LI 14, L135, F180, G205, SI 1, D192, and HI 95, as set forth 
20 in SEQ ID NO:2. 

The present invention also provides variant perhydrolases having altered substrate 
specificities as compared to wild-type M. smegmatis perhydrolase. In some 
embodiments, the variant perhydrolases have altered para nitrophenyl caproate (PNC) 
activity, as compared to wild-type M smegmatis perhydrolase. 
25 Th e present invention also provides variant perhydrolases having altered pi values 

as compared to wild-type M. smegmatis perhydrolase. In some embodiments, the variant 
perhydrolases comprise at least one positively charged mutation, while in alternative 
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embodiments, the variant perhydrolases comprise at least one negatively charged 
mutation. 

The present invention also provides variant perhydrolases that have increased 
stability, as compared to wild-type M smegmatis perhydrolase. In some preferred 
embodiments, the stability of the variant perhydrolase is selected from the group 
consisting of thermostability, enzymatic stability, and chemical stability. 

The present invention also provides variant perhydrolases, wherein the variant 
perhydrolase exhibits at least one altered surface property. In some preferred 
embodiments, the variants comprise at least one mutation comprising at least one 
substitution at sites selected from the group consisting of the residues set forth in Table 
15-1. 

The present invention also provides perhydrolase variants having at least one 
improved property as compared to wild-type perhydrolase. 

The present invention also provides expression vectors comprising a 
polynucleotide sequence encoding at least one perhydrolase variant. The present 
invention further provides host cells comprising at least one such expression vector. In 
some preferred embodiments, a host cell is selected from the group consisting of Bacillus 
sp., Streptomyces sp., Escherichia, and Pantoea sp. The present invention also provides 
perhydrolases produced by the host cells. 

The present invention also provides compositions comprising at least a portion of 
at least one perhydrolase. In some preferred embodiments, the perhydrolase comprises 
the amino acid sequence set forth in SEQ ID NO:2. In further embodiments, the 
perhydrolase is encoded by a polynucleotide sequence comprises SEQ ID NO: 1 . In 
additional embodiments, the sequence comprises at least a portion of SEQ ID NO:l . In 
further embodiments, the present invention provides expression vectors comprising the 
polynucleotide sequence encoding at least a portion of at least one perhydrolase. The 
present invention also provides host comprising at least one expression vectors. In some 
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embodiments, the host cells are selected from the group consisting of Bacillus sp., 
Streptomyces sp., Escherichia, and Pantoea sp. The present invention also provides 
perhydrolases produced by these host cells. 

The present invention also provides variant perhydrolases, wherein the 
perhydrolases comprise at least one substitution corresponding to the amino acid 
positions in SEQ ID NO;2, and wherein the variant perhydrolase has better performance 
in at least one property, compared to wild-type AT. smegmatis perhydrolase. 

The present invention further provides isolated polynucleotides comprising a 
nucleotide sequence (i) having at least about 70% identity to SEQ ID NO:l, or (ii) being 
capable of hybridizing to a probe derived from the nucleotide sequence set forth in SEQ 
ID NO: 1 , under conditions of intermediate to high stringency, or (iii) being 
complementary to the nucleotide sequence set forth in SEQ ID NO:l . In some 
embodiments, the present invention also provides vectors comprising these 
polynucleotide sequences. In additional embodiments, the present invention also 
provides host comprising at least one expression vectors. In some embodiments, the host 
cells are selected from the group consisting of Bacillus sp., Streptomyces sp., 
Escherichia, and Pantoea sp. The present invention also provides perhydrolases 
produced by these host cells. 

The present invention also provides polynucleotides comprising a sequence 
complementary to at least a portion of the sequence set forth in SEQ ID NO: 1 . 

The present invention also provides methods of producing enzymes having 
perhydrolase activity, comprising: transforming a host cell with an expression vector 
comprising a polynucleotide having at least 70% sequence identity to SEQ ID NO:l; 
cultivating the transformed host cell under conditions suitable for the host cell to produce 
the perhydrolase; and recovering the perhydrolase. In some preferred embodiments, the 
host cell is selected from the group consisting of Streptomyces, Pantoea, Escherichia, and 
Bacillus species. 
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The present invention also provides probes comprising a 4 to 1 50 polynucleotide 
sequence substantially identical to a corresponding fragment of SEQ ID NO:l, wherein 
the probe is used to detect a nucleic acid sequence coding for an enzyme having 
perhydrolase activity. 

The present invention also provides cleaning compositions comprising: a) at least 
0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis ratio 
that is greater than 1; b) a molecule comprising an ester moiety; and c) optionally, an 
adjunct ingredient. 

The present invention further provides cleaning compositions comprising: a) at 
least 0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis 
ratio that is greater than 1 ; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture, and mixtures thereof, c) 
from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient. 

The present invention also provides cleaning compositions comprising: a) 
from about 0.0001 to about 1 weight percent of a variant perhydrolase having an amino 
acid sequence comprising at least one modification of an amino acid made at a position 
equivalent to a position in M smegmatis perhydrolase comprising the amino acid 
sequence set forth in SEQ ID NO:2; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof, the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture; and mixtures thereof; c) 
from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient In some preferred embodiments, the cleaning 
compositions further comprise at least one adjunct ingredient. In some particularly 
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preferred embodiments, the adjunct ingredient is selected from the group consisting of 
surfactants, builders, chelating agents, dye transfer inhibiting agents, deposition aids, 
dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach activators, 
bleach boosters, preformed peracids, polymeric dispersing agents, clay soil removal/anti- 
5 redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure elasticizing 
agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and mixtures 
thereof. 

In additional embodiments, the present invention provides cleaning compositions 
wherein: the perhydrolase exhibits a perhydrolysis to hydrolysis molar ratio that is greater 

1 0 than about 0. 1 ; the per-salt is selected from the group consisting of alkalimetal perborate, 
alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal persulphates and 
mixtures thereof; the carbohydrate is selected from the group consisting of mono- 
carbohydrates, di- carbohydrates, tri- carbohydrates, oligo- carbohydrates and mixtures 
thereof; the carbohydrate oxidase is selected from the group consisting of aldose oxidase 

15 (IUPAC classification EC1. 1.3.9), galactose oxidase (IUPAC classification EC1.L3.9), 
cellobiose oxidase (IUPAC classification EC1. 1.3.25), pyranose oxidase (IUPAC 
classification EC1. 1.3.10), sorbose oxidase (IUPAC classification EC1.1.3.1 1) hexose 
oxidase (IUPAC classification EC1 .1 .3.5). glucose oxidase (IUPAC classification 
EC1. 1.3.4) and mixtures thereof; and the molecule comprising an ester moiety has the 
20 formula: 


R'OxKR 2 )* (R^Jp 

(i) wherein R l is a moiety selected from the group consisting of H, substituted or 
unsubstituted alkyi, heteroalkyl, alkenyl, alkynyl, aryl, alkylaryl, alkyiheteroaryl, and 

25 heteroaryl; 

(ii) each R 2 is an alkoxylate moiety, 

(iii) R 3 is an ester-forming moiety having the formula: 


29 


C T/^ 2 ^ 6 -0 *3 S _ PCT/US2004/040438 

GC821-2 /r r>- 


R 4 CO- wherein R 4 is H, alkyl, alkenyl, alkynyl, aryl, alkylaryl, a!kylheteroar>l, 
and heteroaiyl; 

(iv) x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 
less than the number of carbons in R 1 ; 
5 (v) p is an integer that is equal to or less than x; 

(vi) m is an integer from 0 to 50; and 

(vii) n is at least 1 

In alternative embodiments, the present invention provides cleaning compositions 
10 wherein: a) R 1 is an C2-C32 substituted or unsubstituted alkyl or heteroalkyl moiety; b) 
each R is independently an ethoxylate or propoxylate moiety; and c) m is an integer from 
1 to 12. In some embodiments, R 3 is an ester-forming moiety having the formula: R 4 CO- 
wherein R 4 is: a) a substituted or unsubstituted alkyl, alkenyl or alkynyl moiety 
comprising from 1 to 22 carbon atoms; or b) a substituted or unsubstituted aiyl, alkylaryl, 
15 alkylheteroaryl or heteroaiyl moiety comprising from 4 to 22 carbon atoms. 

In still further embodiments of the cleaning compositions, the molecule 
comprising the ester moiety has the formula: 

R'OxICR^m^Jp 

20 wherein: a) R 1 is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, the R 1 moiety that comprises an amine moiety being selected 
from the group consisting of substituted or unsubstituted alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl; b) each R 2 is an alkoxylate 
moiety, c) R 3 is an ester-forming moiety having the formula: R 4 CO- wherein R 4 may be 

25 H, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and 
heteroaryl; d) x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or less 
than the number of carbons in R 1 ; e) p is an integer that is equal to or less than x; f) m is 
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an integer from 0 to 12; and g) n is at least 1. 

In still further embodiments of the present cleaning compositions, the molecule 
comprising an ester moiety has a weight average molecular weight of less than 600,000 
Daltons. In yet additional embodiments, an adjunct ingredient is selected .from the group 
consisting of surfactants, builders, chelating agents, dye transfer inhibiting agents, 
deposition aids, dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach 
activators, bleach boosters, preformed peracids, polymeric dispersing agents, clay soil 
removal/anti-redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure 
elasticizing agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and 
mixtures thereof. 

The present invention further provides methods of cleaning comprising the steps 
of: a) contacting a surface and/or an article comprising a fabric with any of the cleaning 
compositions provided above and/or a composition comprising any of the cleaning 
compositions provided above; and b) optionally washing and/or rinsing the surface or 
material. 

In alternative embodiments, the present invention provides methods of cleaning, 
the method comprising the steps of: a) contacting a surface and/or an article comprising a 
fabric with any suitable cleaning composition provided above and/or a composition 
comprising any suitable cleaning provided above; and b) optionally washing and/or 
rinsing the surface or material. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and celluloses. 
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The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant having an amino acid sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in M. 
smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2. . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

1 0 The present invention also provides bleaching compositions comprising at least 

one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the periiydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

15 derivatives selected from the group consisting of proteases, amylases, lipases,. 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino 
acid positions in SEQ ID NO:2, and wherein the variant perhydrolase has better 

20 performance in at least one property compared to wild-type M. smegmatis perhydrolase. . 
In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 

25 oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase that is at least approximately about 35% homologous to M. smegmatis 
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perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
5 mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
10 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having an amino acid sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in M 
1 5 smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2. . 
In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
20 oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
25 bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 
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The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino 
acid positions in SEQ ID NO:2, and wherein the variant perhydrolase has bettor 
performance in at least one property compared to wild-type M smegmatis perhydrolase. . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1. In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

10 The present invention also provides disinfecting compositions comprising at least 

one perhydrolase that is at least approximately about 35% homologous to M. smegmatis 
perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

15 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

In some preferred embodiments, the perhydrolase is at least approximately 70% 
homologous to M. smegmatis perhydrolase comprising the amino acid sequence set forth 
in SEQ ID NO:2. In some embodiments, the present invention provides perhydrolases 

20 that cross react with antibody generated against M. smegmatis perhydrolase, particularly 
that comprising the amino acid sequence set forth in SEQ ID NO:2. In further 
embodiments, the present invention provides perhydrolases that are structural homologs 
of the M smegmatis perhydrolase, in which active site comprises sites homologous to 
S 1 1 , D 1 92, and H 1 95 of the M smegmatis perhydrolase. In yet additional embodiments, 

25 the present invention provides perhydrolases comprising one or more modifications at the 
following residues: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, 
Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, 
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Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, PhelSO, Del53, Pbel54, Thrl59, 
Thrl 86, Del 92, Del 94, and Phel96. However, it is not intended that the present 
invention be limited to perhydrolases with these modifications only at these residues, as 
perhydrolases with other modifications also find use with the present invention. 

In some embodiments, at least one perhydrolase of the present invention is used in 
a cleaning process wherein an article to be cleaned is exposed to a sufficient amount of 
the at least one perhydrolase under conditions such that the perhydrolase cleans and/or 
bleaches, and/or decolorizes any/all stains present on the article (e.g., laundry and dish 
detergents). In some embodiments, the cleaning further comprises disinfecting. In some 
embodiments, the article cleaned, bleached and/or disinfected using at least one 
perhydrolase of the present invention comprises textiles and/or hard surfaces, while in 
other embodiments, the article is paper or pulp, and in still further embodiments, at least 
one perhydrolase is used as a personal care product to whiten or bleach hair, teeth, skin, 
etc. Thus, in some embodiments, the present invention provides compositions for use in 
various cleaning, bleaching, and/or disinfecting applications. Indeed, it is not intended 
that the present invention be limited to any particular application. 

In some preferred embodiments, the perhydrolase comprises SEQ ID NO:2. In 
some preferred alternative embodiments, the perhydrolase is encoded by the nucleic acid 
sequence set forth in SEQ ID NO: 1 . 

In some embodiments, the present invention provides enzymes with activities that 
result in high peracid/acid ratios. In alternative embodiments, the present invention 
provides the perhydrolase of Mycobacterium smegma tis, as well as sequence and/or 
structural homologs of this protein. In additional embodiments, the present invention 
provides enzymes that have been modified so as to express perhydrolase activity with a 
high peihydrolysis to hydrolase ratio either in addition to or instead of the enzyme's 
original activity. In additional embodiments, the present invention provides modified 
enzymes with altered substrate specificity, Km, kcat, perhydrolase activity, and/or peracid 
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degradation activity. 

In additional embodiments, the present invention provides means to identify, 
produce, and characterize enzymes that comprise the perhydrolysis activity of the present 
invention. The present invention further provides methods and compositions comprising 
5 at least one perhydrolase for cleaning, disinfecting, bleaching, and other applications, 
including but not limited to paper and pulp bleaching, fabric and garment cleaning, hard 
surface cleaning, and personal care applications {e.g., oral care, hair care, and skin care). 
In some preferred embodiments, the present invention provides methods and 
compositions for bleaching cotton and other fabrics. Indeed, the present invention finds 

10 use in the bleaching and cleaning of various textiles. It is not intended that the present 

invention be limited to any particular setting, application or use, as it is contemplated that 
it will find use in numerous areas where an enzymatic generation of peracids is desired 
over the use of preformed peracids or hydrogen peroxide or other bleaching chemicals, 
under conditions including but not limited to a wide range of pHs and temperatures. The 

15 present invention also finds use in applications where peracid hydrolysis is useful, such as 
in the clean up of peracids. 

Furthermore, the present invention provides means to produce perhydrolase 
enzymes suitable for cleaning, disinfecting, bleaching, and other applications, including - 
personal care. 

20 

DESCRIPTION OF THE FIGURES 

Figure 1 provides a phylogenetic tree of M. smegmatis perhydrolase and other 
related sequences. 

Figure 2 provides an overview phylogenetic tree, showing the major branches of 
25 the bacteria and the origin of the active clones/sequences compared to M smegmatis. 

Figure 3 provides a schematic of four structural families of serine hydrolases, 
including perhydrolase (SGNH-hydrolase family), chymotrypsin, subtilisin, and ct/p 
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hydrolase. 

Figure 4 provides a diagram of the structure of the perhydrolase fold. 
Figure 5 provides a map of plasmid pET26-M4aEl 1 . 

Figure 6 provides a purification table showing the enzyme activity of the enzyme 
5 of the present invention through various steps in the purification process. 

Figure 7 provides a graph which shows the ratio of perbutyric acid to butyric acid 
generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 
40 minutes. 

Figure 8 provides a graph showing the peracid production by 30 mM acetate 
1 0 equivalents and 29 mM hydrogen peroxide, tested at various pHs. These results show 
that using the perhydrolase composition of the present invention, there is peracid 
generation over a wide pH range. In contrast, with TAED and hydrogen peroxide, 
peracid generation is limited to alkaline conditions. 

Figure 9 provides a graph showing the peracid production by 0.1 ppm 
1 5 perhydrolase enzyme in 30 mM ethyl acetate and 20 mM hydrogen peroxide at various 

temperatures. These results show that the perhydrolase of the present invention works at 
a wide range of temperatures, including low temperatures. 

Figure 1 0 provides a graph showing the ratio of perbutyric acid to butyric acid 
generated by various enzymes from 1 0 mM tributyrin and 29 mM hydrogen peroxide in 4, 
20 10, and 30 minutes. 

Figure 1 1 provides a graph showing the ratio of peracetic acid to acetic acid 
generated by various enzymes from 1 0 mM triacetin and 29 mM hydrogen peroxide in 4 
and 10 minutes. 

Figure 12 provides a map of plasmid pMSATNcoI. 
25 Figure 13 provides a map of plasmid pMSATNcol-L 

Figure 14 provides a map of plasmid pAH505. 
Figure 15 provides a map of plasmid pSFNASally. 
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Figure 16 provides a map of plasmid pCP606. 
Figure 1 7 provides a map of plasmid pCP649. 
Figure 18 provides a map of plasmid pSECGT-MSAT. 
Figure 19 provides a map of plasmid pSEGT-phdA4. 
Figure 20 provides a map of plasmid pMC355ibs. 

Figure 21 provides a graph showing the degree of bleaching by three detergents 
tested alone and in comparison with the M smegmatis perhydrolase of the present 
invention. 

Figure 22 provides a graph showing the bleaching ability of the M. smegmatis 

perhydrolase tested on cotton- 
Figure 23 provides a graph showing the bleaching ability of the Af. smegmatis 

perhydrolase tested on linen. 


DESCRIPTION OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. In particular, the present invention provides improved methods and 
compositions comprising perhydrolysis enzymes with high peracid/acid ratios for 
cleaning, bleaching, disinfecting and other applications. In some preferred embodiments, 
the present invention provides improved methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

Unless otherwise indicated, the practice of the present invention involves 
conventional techniques commonly used in molecular biology, microbiology, protein 
purification, protein engineering, protein and DNA sequencing, and recombinant DNA 
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fields, which are within the skill of the art. Such techniques are known to those of skill in 
the art and are described in numerous texts and reference works (See e.g., Sambrook et 
al. 9 "Molecular Cloning: A Laboratory Manual", Second Edition (Cold Spring Haibor), 
[1989]); and Ausubel et al. 9 "Current Protocols in Molecular Biology" [1987]). All 
patents, patent applications, articles and publications mentioned herein, both supra and 
infra, are hereby expressly incorporated herein by reference. 

Furthermore, the headings provided herein are not limitations of the various 
aspects or embodiments of the invention which can be had by reference to the 
specification as a whole. Accordingly, the terms defined immediately below are more 
fully defined by reference to the specification as a whole. Nonetheless, in order to 
facilitate understanding of the invention, a number of terms are defined below. 

Definitions 

Unless defined otherwise herein, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention pertains. For example, Singleton and Sainsbury, Dictionary of 
Microbiology and Molecular Biology, 2d Ed., John Wiley and Sons, NY (1994); and Hale 
and Marham, The Harper Collins Dictionary of Biology, Harper Perennial, NY (1991) 
provide those of skill in the art with a general dictionaries of many of the terms used in 
the invention. Although any methods and materials similar or equivalent to those 
described herein find use in the practice of the present invention, the preferred methods 
and materials are described herein. Accordingly, the terms defined immediately below 
are more folly described by reference to the Specification as a whole. Also, as used 
herein, the singular terms "a", "an," and "the" include the plural reference unless the 
context clearly indicates otherwise. Unless otherwise indicated, nucleic acids are written 
left to right in 5 f to 3' orientation; amino acid sequences are written left to right in amino 
to carboxy orientation, respectively. It is to be understood that this invention is not 
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limited to the particular methodology, protocols, and reagents described, as these may 
vary, depending upon the context they are used by those of skill in the art. 

It is intended that every maximum numerical limitation given throughout this 
specification includes every lower numerical limitation, as if such lower numerical 
5 limitations were expressly written herein. Every minimum numerical limitation given 
throughout this specification will include every higher numerical limitation, as if such 
higher numerical limitations were expressly written herein. Every numerical range given 
throughout this specification will include every narrower numerical range that falls within 
such broader numerical range, as if such narrower numerical ranges were all expressly 
10 written herein. 

As used herein, the term "bleaching" refers to the treatment of a material (e.g., 
fabric, laundry, pulp, etc.) or surface for a sufficient length of time and under appropriate 
pH and temperature conditions to effect a brightening (i.e., whitening) and/or cleaning of 
the material. Examples of chemicals suitable for bleaching include but are not limited to 
1 5 CIO2, H2O2, peracids, NCb, etc. 

As used herein, the term "disinfecting" refers to the removal of contaminants from 
the surfaces, as well as the inhibition or killing of microbes on the surfaces of items. It is 
not intended that the present invention be limited to any particular surface, item, or 
contaminants) or microbes to be removed. 
20 As used herein, the term "perhydrolase" refers to an enzyme that is capable of 

catalyzing a reaction that results in the formation of sufficiently high amounts of peracid 
suitable for applications such as cleaning, bleaching, and disinfecting. In particularly 
preferred embodiments, the perhydrolase enzymes of the present invention produce very 
high perhydrolysis to hydrolysis ratios. The high perhydrolysis to hydrolysis ratios of 
15 these distinct enzymes makes these enzymes suitable for use in a very wide variety of 
applications. In additional preferred embodiments, the perhydrolases of the present 
invention are characterized by having distinct tertiary structure and primary sequence. In 
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particularly preferred embodiments, the perhydrolases of the present invention comprises 
distinct primary and tertiary structures. In some particularly preferred embodiments, the 
perhydrolases of the present invention comprise distinct quaternary structure. In some 
preferred embodiments, the perhydrolase of the present invention is the M smegmatis 
perhydrolase, while in alternative embodiments, the perhydrolase is a variant of this 
perhydrolase, while in still further embodiments, the perhydrolase is a homolog of this 
perhydrolase. In further preferred embodiments, a monomeric hydrolase is engineered to 
produce a multimeric enzyme that has better perhydrolase activity than the monomer. 
However, it is not intended that the present invention be limited to this specific M 
smegmatis perhydrolase, specific variants of this perhydrolase, nor specific homologs of 
this perhydrolase. 

As used herein, the term "multimer" refers to two or more proteins or peptides 
that are covalently or non-covalently associated and exist as a complex in solution. A 
"dimer" is a multimer that contains two proteins or peptides; a tt trimer" contains three 
proteins or peptides, etc. As used herein, "octamer" refers to a multimer of eight proteins 
or peptides. 

As used herein, the phrase "perhydrolysis to hydrolysis ratio" is the ratio of the 
amount of enzymatically produced peracid to that of enzymatically produced acid by the 
perhydrolase, under defined conditions and within a defined time. In some preferred 
embodiments, the assays provided herein are used to determine the amounts of peracid 
and acid produced by the enzyme. 

As used herein, "personal care products" means products used in the cleaning, 
bleaching and/or disinfecting of hair, skin, scalp, and teeth, including, but not limited to 
shampoos, body lotions, shower gels, topical moisturizers, toothpaste, and/or other 
topical cleansers. In some particularly preferred embodiments, these products are utilized 
on humans, while in other embodiments, these products find use with non-human animals 
(e.g., in veterinary applications). 
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As used herein, "pharmaceutically-acceptable" means that drugs, medicaments 
and/or inert ingredients which the term describes are suitable for use in contact with the 
tissues of humans and other animals without undue toxicity, incompatibility, instability, 
irritation, allergic response, and the like, commensurate with a reasonable benefit/risk 
5 ratio. 

As used herein, "cleaning compositions" and "cleaning formulations" refer to 
compositions that find use in the removal of undesired compounds from items to be 
cleaned, such as fabric, dishes, contact lenses, other solid substrates, hair (shampoos), 
skin (soaps and creams), teeth (mouthwashes, toothpastes) etc. The term encompasses 

1 0 any materials/compounds selected for the particular type of cleaning composition desired 
and the form of the product (e.g., liquid, gel, granule, or spray composition), as long as 
the composition is compatible with the perhydrolase and other enzyme(s) used in the 
composition. The specific selection of cleaning composition materials are readily made 
by considering the surface, item or fabric to be cleaned, and the desired form of the 

1 5 composition for the cleaning conditions during use. 

The terms further refer to any composition that is suited for cleaning, bleaching, 
disinfecting, and/or sterilizing any object and/or surface. It is intended that the terms 
include, but are not limited to detergent compositions (e.g., liquid and/or solid laundry 
detergents and fine fabric detergents; hard surface cleaning formulations, such as for 

20 glass, wood, ceramic and metal counter tops and windows; carpet cleaners; oven cleaners; 
fabric fresheners; fabric softeners; and textile and laundry pre-spotters, as well as dish 
detergents). - . 

Indeed, the term "cleaning composition" as used herein, includes unless otherwise 
indicated, granular or powder-form all-purpose or heavy-duty washing agents, especially 

25 cleaning detergents; liquid, gel or paste-form all-purpose washing agents, especially the 
so-called heavy-duty liquid (HDL) types; liquid fine-fabric detergents; hand dishwashing 
agents or light duty dishwashing agents, especially those of the high-foaming type; 
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machine dishwashing agents, including the various tablet, granular, liquid and rinse-aid 
types for household and institutional use; liquid cleaning and disinfecting agents, 
including antibacterial hand-wash types, cleaning bars, mouthwashes, denture cleaners, 
car or carpet shampoos, bathroom cleaners; hair shampoos and hair-rinses; shower gels 
5 and foam baths and metal cleaners; as well as cleaning auxiliaries such as bleach 
additives and "stain-stick" or pre-treat types. 

As used herein, the terms "detergent composition" and "detergent formulation" 
are used in reference to mixtures which are intended for use in a wash medium for the 
cleaning of soiled objects. In some preferred embodiments, the term is used in reference 

10 to laundering fabrics and/or garments (e.g., "laundry detergents"). In alternative 

embodiments, the term refers to other detergents, such as those used to clean dishes, 
cutlery, etc. (e.g., "dishwashing detergents"). It is not intended that the present invention 
be limited to any particular detergent formulation or composition. Indeed, it is intended 
that in addition to perhydrolase, the term encompasses detergents that contain surfactants, 

15 transferase^), hydrolytic enzymes, oxido reductases, builders, bleaching agents, bleach 
activators, bluing agents and fluorescent dyes, caking inhibitors, masking agents, enzyme 
activators, antioxidants, and solubilizers. 

As used herein, "enhanced performance" in a detergent is defined as increasing 
cleaning of bleach-sensitive stains (e.g., grass, tea, wine, blood, dingy, etc.), as 

20 determined by usual evaluation after a standard wash cycle. In particular embodiments, 
the perhydrolase of the present invention provides enhanced performance in the oxidation 
and removal of colored stains and soils. In further embodiments, the perhydrolase of the 
present invention provides enhanced performance in the removal and/or decolorization of 
stains. In yet additional embodiments, the perhydrolase of the present invention provides 

25 enhanced performance in the removal of lipid-based stains and soils. In still further 

embodiments, the perhydrolase of the present invention provides enhanced performance 
in removing soils and stains from dishes and other items. 
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As used herein the term "hard surface cleaning composition," refers to detergent 
compositions for cleaning hard surfaces such as floors, walls, tile, bath and kitchen 
fixtures, and the like. Such compositions are provided in any form, including but not 
limited to solids, liquids, emulsions, etc. 
5 As used herein, "dishwashing composition" refers to all forms for compositions 

for cleaning dishes, including but not limited to granular and liquid forms. 

As used herein, "fabric cleaning composition" refers to all forms of detergent 
compositions for cleaning fabrics, including but not limited to, granular, liquid and bar 
forms. 

10 As used herein, "textile" refers to woven fabrics, as well as staple fibers and 

filaments suitable for conversion to or use as yarns, woven, knit, and non-woven fabrics. 
The term encompasses yarns made from natural, as well as synthetic (e.g., manufactured) 
fibers. 

As used herein, "textile materials" is a general term for fibers, yam intermediates, 
15 yarn, fabrics, and products made from fabrics (e.g., garments and other articles). 

As used herein, "fabric" encompasses any textile material. Thus, it is intended 
that the term encompass garments, as well as fabrics, yarns, fibers, non-woven materials, 
natural materials, synthetic materials, and any other textile material. 

As used herein, the term "compatible," means that the cleaning composition 
20 materials do not reduce the enzymatic activity of the perhydrolase to such an extent that 
the perhydrolase is not effective as desired during normal use situations. Specific 
cleaning composition materials are exemplified in detail hereinafter. 

As used herein, "effective amount of perhydrolase enzyme" refers to the quantity 
of perhydrolase enzyme necessary to achieve the enzymatic activity required in the 
specific application (e.g., personal care product, cleaning composition, etc.). Such 
effective amounts are readily ascertained by one of ordinary skill in the art and are based 
on many factors, such as the particular enzyme variant used, the cleaning application, the 


25 
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specific composition of the cleaning composition, and whether a liquid or dry (eg., 
granular, bar) composition is required, and the like. 

As used herein, "non-fabric cleaning compositions" encompass hard surface 
cleaning compositions, dishwashing compositions, personal care cleaning compositions 
5 oral cleaning compositions, denture cleaning compositions, personal cleansing 

compositions, etc.), and compositions suitable for use in the pulp and paper industry. 

As used herein, "oral cleaning compositions" refers to dentifrices, toothpastes, 
toothgels, toothpowders, mouthwashes, mouth sprays, mouth gels, chewing gums, 
lozenges, sachets, tablets, biogels, prophylaxis pastes, dental treatment solutions, and the 

10 like. Oral care compositions that find use in conjunction with the perhydrolases of the 
present invention are well known in the art {See e.g. f U.S. Patent Nos 5,601,750, 
6,379,653, and 5,989,526, all of which are incorporated herein by reference). 

As used herein, **pulp treatment compositions" refers to the use of the present 
perhydrolase enzymes in compositions suitable for use in papermaking. It is intended that 

15 the term encompass compositions suitable for the treatment of any pulp material, 

including wood, as well as non-wood materials, such as "agricultural residues'* and "fiber 
crops," including but not limited to wheat straw, rice straw, corn stalks, bagasse (sugar 
cane), rye grass straw, seed flax straw, flax straw, kenaf, industrial hemp, sisal, textile flat 
straw, hesperaloe, etc. Thus, the present invention also encompasses the use of the 

20 perhydrolases of the present invention in pulp treatment methods. 

As used herein, "oxidizing chemical" refers to a chemical that has the capability 
of bleaching pulp or any other material. The oxidizing chemical is present at an amount, 
pH and temperature suitable for bleaching. The term includes, but is not limited to 
hydrogen peroxide and peracids. 

25 As used herein, "acyl" is the general name for organic acid groups, which are the 

residues of caiboxylic acids after removal of the -OH group (e.g., ethanoyl chloride, 
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CH3CO-CI, is the acyl chloride formed from ethanoic acid, CH3COO-H). The names of 
the individual acyl groups are foimed by replacing the "-ic" of the acid by "-yl." 

As used herein, the term "acylation" refers to the chemical transformation which 
substitutes the acyl (RCO-) group into a molecule, generally for an active hydrogen of an 
5 -OH group. 

As used herein, the term "transferase" refers to an enzyme that catalyzes the 
transfer of functional compounds to a range of substrates. 

As used herein, "leaving group" refers to the nucleophile which is cleaved from 
the acyl donor upon substitution by another nucleophile. 
10 As used herein, the term "enzymatic conversion" refers to the modification of a 

substrate to an intermediate or the modification of an intermediate to an end-product by 
contacting the substrate or intermediate with an enzyme. In some embodiments, contact 
is made by directly exposing the substrate or intermediate to the appropriate enzyme. In 
other embodiments, contacting comprises exposing the substrate or intermediate to an 
1 5 organism that expresses and/or excretes the enzyme, and/or metabolizes the desired 

substrate and/or intermediate to the desired intermediate and/or end-product, respectively. 

As used herein, the phrase "detergent stability" refers to the stability of a detergent 
composition. In some embodiments, the stability is assessed during the use of the 
detergent, while in other embodiments, the term refers to the stability of a detergent 
20 composition during storage. 

As used herein, the phrase, "stability to proteolysis" refers to the ability of a 
protein (e.g., an enzyme) to withstand proteolysis. It is not intended that the term be 
limited to the use of any particular protease to assess the stability of a protein. 

As used herein, "oxidative stability" refers to the ability of a protein to function 
25 under oxidative conditions. In particular, the term refers to the ability of a protein to 

function in the presence of various concentrations of H2O2 and/or peracid. Stability under 
various oxidative conditions can be measured either by standard procedures known to 
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those in the art and/or by the methods described herein. A substantial change in oxidative 
stability is evidenced by at least about a 5% or greater increase or decrease (in most 
embodiments, it is preferably an increase) in the half-life of the enzymatic activity, as 
compared to the enzymatic activity present in the absence of oxidative compounds. 
5 As used herein, "pH stability" refers to the ability of a protein to function at a 

particular pH. In general, most enzymes have a finite pH range at which they will 
function. In addition to enzymes that function in mid-range pHs (/.e., around pH 7), there 
are enzymes that are capable of working under conditions with very high or very low pHs. 
Stability at various pHs can be measured either by standard procedures known to those in 

10 the art and/or by the methods described herein. A substantial change in pH stability is 

evidenced by at least about 5% or greater increase or decrease (in most embodiments, it is 
preferably an increase) in the half-life of the enzymatic activity, as compared to the 
enzymatic activity at the enzyme's optimum pH. However, it is not intended that the 
present invention be limited to any pH stability level nor pH range. 

15 As used herein, "thermal stability** refers to the ability of a protein to function at a 

particular temperature. In general, most enzymes have a finite range of temperatures at 
which they will function. In addition to enzymes that work in mid-range temperatures 
(e.g., room temperature), there are enzymes that are capable of working in very high or 
very low temperatures. Thermal stability can be measured either by known procedures or 

20 by the methods described herein. A substantial change in thermal stability is evidenced 

by at least about 5% or greater increase or decrease (in most embodiments, it is preferably 
an increase) in the half-life of the catalytic activity of a mutant when exposed to a 
different temperature (i.e., higher or lower) than optimum temperature for enzymatic 
activity. However, it is not intended that the present invention be limited to any 

25 temperature stability level nor temperature range. 

As used herein, the term "chemical stability" refers to the stability of a protein 
(e.g., an enzyme) towards chemicals that adversely affect its activity. In some 
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embodiments, such chemicals include, but are not limited to hydrogen peroxide, peracids, 
anionic detergents, cationic detergents, non-ionic detergents, chelants, etc. However, it 
is not intended that the present invention be limited to any particular chemical stability 
level nor range of chemical stability. 

5 

As used herein, the phrase "perhydrolase activity improvement" refers to the 
relative improvement of perhydrolase activity, in comparison with a standard enzyme. In 
some embodiments, the term refers to an improved rate of perhydrolysis product, while in 
other embodiments, the term encompasses perhydrolase compositions that produce less 

1 0 hydrolysis product. In additional embodiments, the term refers to perhydrolase 
compositions with altered substrate specificity. 

As used herein, the phrase "alteration in substrate specificity" refers to changes in 
the substrate specificity of an enzyme. In some embodiments, a change in substrate 
specificity is defined as a difference between the Kcat/Km ratio observed with an enzyme 

1 5 compared to enzyme variants or other enzyme compositions. Enzyme substrate 

specificities vary, depending upon the substrate tested. The substrate specificity of an 
enzyme is determined by comparing the catalytic efficiencies it exhibits with different 
substrates. These determinations find particular use in assessing the efficiency of mutant 
enzymes, as it is generally desired to produce variant enzymes that exhibit greater ratios 

20 for particular substrates of interest. For example, the perhydrolase enzymes of the present 
invention are more efficient in producing peracid from an ester substrate than enzymes 
currently being used in cleaning, bleaching and disinfecting applications. Another 
example of the present invention is a perhydrolase with a lower activity on peracid 
degradation compared to the wild type. Another example of the present invention is a 

25 perhydrolase with higher activity on more hydrophobic acyl groups than acetic acid. 
However, it is not intended that the present invention be limited to any particular 
substrate composition nor any specific substrate specificity. 
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As used herein, "surface property" is used in reference to an electrostatic charge, 
as well as properties such as the hydrophobicity and/or hydrophilicity exhibited by the 
surface of a protein. 

As used herein, the phrase "is independently selected from the group consisting of 

5 " means that moieties or elements that are selected from the referenced Markush 

group can be the same, can be different or any mixture of elements as indicated in the 
following example: 

A molecule having 3 R groups wherein each R group is independently selected 
from the group consisting of A, B and C. Here the three R groups may be: AAA, BBB, 
10 CCC, AAB, AAC, BBA, BBC, CCA, CCB, or ABC. 

hi reference to chemical compositions, the term "substituted** as used herein, 
means that the organic composition or radical to which the term is applied is: - 

(a) made unsaturated by the elimination of at least one element or radical; or 

(b) at least one hydrogen in the compound or radical is replaced with a moiety 
1 5 containing one or more (i) carbon, (ii) oxygen, (iii) sulfur, (iv) nitrogen or (v) 

halogen atoms; or 

(c) both (a) and (b). 

Moieties which may replace hydrogen as described in (b) immediately above, that contain 
only carbon and hydrogen atoms, are hydrocarbon moieties including, but not limited to, 

20 alkyl, alkenyl, alkynyl, alkyldienyl, cycloalkyl, phenyl, alkyl phenyl, naphthyl, anthryl, 
phenanthryl, fluoryl, steroid groups, and combinations of these groups with each other 
and with polyvalent hydrocarbon groups such as alkylene, alkylidene and alkylidyne 
groups. Moieties containing oxygen atoms that may replace hydrogen as described in (b) 
immediately above include, but are not limited to, hydroxy, acyl or keto, ether, epoxy, 

25 carboxy, and ester containing groups. Moieties containing sulfur atoms that may replace 
hydrogen as described in (b) immediately above include, but are not limited to, the sulfur- 
containing acids and acid ester groups, thioether groups, mercapto groups and thioketo 
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groups. Moieties containing nitrogen atoms that may replace hydrogen as described in 
(b) immediately above include, but are not limited to, amino groups, the nitro group, azo 
groups, ammonium groups, amide groups, azido groups, isocyanate groups, cyano groups 
and nitrile groups. Moieties containing halogen atoms that may replace hydrogen as 
5 described in (b) immediately above include chloro, bromo, fluoro, iodo groups and any of 
the moieties previously described where a hydrogen or a pendant alkyl group is 
substituted by a halo group to form a stable substituted moiety. 

It is understood that any of the above moieties (b)(i) through (b)(v) can be 
substituted into each other in either a monovalent substitution or by loss of hydrogen in a 
1 0 polyvalent substitution to form another monovalent moiety that can replace hydrogen in 
the organic compound or radical. 

As used herein, the terms "purified" and "isolated" refer to the removal of . 
contaminants from a sample. For example, perhydrolases are purified by removal of 
contaminating proteins and other compounds within a solution or preparation that are not 
1 5 perhydrolases. In some embodiments, recombinant perhydrolases are expressed in 
bacterial or fungal host cells and these recombinant perhydrolases are purified by the 
removal of other host cell constituents; the percent of recombinant perhydrolase 
polypeptides is thereby increased in the sample. 

As used herein, "protein of interest," refers to a protein an enzyme or 
20 "enzyme of interest'*) which is being analyzed, identified and/or modified. Naturally- 
occurring, as well as recombinant proteins find use in the present invention. 

As used herein, "protein" refers to any composition comprised of amino acids and 
recognized as a protein by those of skill in the art. The terms "protein," "peptide" and 
polypeptide are used interchangeably herein. Wherein a peptide is a portion of a protein, 
25 those skilled in the art understand the use of the term in context. 

As used herein, functionally and/or structurally similar proteins are considered to 
be "related proteins." In some embodiments, these proteins are derived from a different 
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genus and/or species, including differences between classes of organisms (e.g., a bacterial 
protein and a fungal protein). In some embodiments, these proteins are derived from a 
different genus and/or species, including differences between classes of organisms (e.g., a 
bacterial enzyme and a fungal enzyme). In additional embodiments, related proteins are 
5 provided from the same species. Indeed, it is not intended that the present invention be 
limited to related proteins from any particular source(s). In addition, the term delated 
proteins" encompasses tertiary structural homologs and primary sequence homologs (e.g., 
the perhydrolase of the present invention). In further embodiments, the term 
encompasses proteins that are immunologically cross-reactive. In most particularly 

1 0 preferred embodiments, the related proteins of the present invention very high ratios of 
perhydrolysis to hydrolysis. 

As used herein, the term "derivative" refers to a protein which is derived from a 
protein by addition of one or more amino acids to either or both the C- and N-terminal 
end(s), substitution of one or more amino acids at one or a number of different sites in the 

15 amino acid sequence, and/or deletion of one or more amino acids at either or both ends of 
the protein or at one or more sites in the amino acid sequence, and/or insertion of one or 
more amino acids at one or more sites in the amino acid sequence. The preparation of a 
protein derivative is preferably achieved by modifying a DNA sequence which encodes 
for the native protein, transformation of that DNA sequence into a suitable host, and 

20 expression of the modified DNA sequence to form the derivative protein. 

Related (and derivative) proteins comprise 'Variant proteins." In some preferred 
embodiments, variant proteins differ from a parent protein and one another by a small 
number of amino acid residues. The number of differing amino acid residues may be one 
or more, preferably 1, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, or more amino acid residues. In 

25 some preferred embodiments, the number of different amino acids between variants is 
between 1 and 10. In some particularly preferred embodiments, related proteins and 
particularly variant proteins comprise at least 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
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70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% amino acid sequence identity. 
Additionally, a related protein or a variant protein as used herein, refers to a protein that 
differs from another related protein or a parent protein in the number of prominent 
regions. For example, in some embodiments, variant proteins have 1, 2, 3, 4, 5, or 10 
5 corresponding prominent regions that differ from the parent protein. 

Several methods are known in (he art that are suitable for generating variants of 
the perhydrolase enzymes of the present invention, including but not limited to site- 
saturation mutagenesis, scanning mutagenesis, insertional mutagenesis, random 
mutagenesis, site-directed mutagenesis, and directed-evolution, as well as various other 

10 recombinatorial approaches. 

In particularly preferred embodiments, homologous proteins are engineered to 
produce enzymes with the desired activities). In some particularly preferred 
embodiments, the engineered proteins are included within the SGNH-hydrolase family of 
proteins. In some most preferred embodiments, the engineered proteins comprise at least 

1 5 one or a combination of the following conserved residues: L6, W14, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, F180, G205. In alternative 
embodiments, these engineered proteins comprise the GDSL-GRTT and/or ARTT motifs. 
In further embodiments, the enzymes are multimers, including but not limited to dimers, 
octamers, and tetramers. In yet additional preferred embodiments, the engineered 

20 proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 1 . 

An amino acid residue of a perhydrolase is equivalent to a residue of M 
smegmatis perhydrolase if it is either homologous (i.e., having a corresponding position 
in either the primary and/or tertiary structure) or analogous to a specific residue or portion 
of that residue in M. smegmatis perhydrolase (i.e., having the same or similar functional 

25 capacity to combine, react, and/or chemically interact). 

In some embodiments, in order to establish homology to primary structure, the 
amino acid sequence of a perhydrolase is directly compared to the M smegmatis 
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perhydrolase primary sequence and particularly to a set of residues known to be invariant 
in all perhydrolases for which sequence is known. After aligning the conserved residues, 
allowing for necessary insertions and deletions in order to maintain alignment (i.e., 
avoiding the elimination of conserved residues through arbitrary deletion and insertion), 
5 the residues equivalent to particular amino acids in the primary sequence of M smegmatis 
perhydrolase are defined. In preferred embodiments, alignment of conserved residues 
conserves 100% of such residues. However, alignment of greater than 75% or as little as 
50% of conserved residues are also adequate to define equivalent residues. In preferred 
embodiments, conservation of the catalytic serine and histidine residues are maintained. 

1 0 Conserved residues are used to define the corresponding equivalent amino acid residues 
of Af. smegmatis perhydrolase in other perhydrolases (e.g., perhydrolases from other 
Mycobacterium species, as well as any other organisms). 

In some embodiments of the present invention, the DNA sequence encoding M. 
smegmatis perhydrolase is modified. In some embodiments, the following residues are 

15 modified: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, Leu53, 
Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, Vall25, 
Prol38, Leul40, Prol46, Prol48, Tipl49, Phel50, Ilel53, Phel54, Thrl59, Thrl86, 
Del 92, Del 94, and Phel 96. However, it is not intended that the present invention be 
limited to sequence that are modified at these positions. Indeed, it is intended that the 

20 present invention encompass various modifications and combinations of modifications. 

In additional embodiments, equivalent residues are defined by determining 
homology at the level of tertiary structure for a perhydrolase whose tertiary structure has 
been determined by x-ray crystallography. In this context, "equivalent residues" are 
defined as those for which the atomic coordinates of two or more of the main chain atoms 

25 of a particular amino acid residue of the carbonyl hydrolase and Af. smegmatis 

perhydrolase (N on N, CA on CA, C on C, and O on O) are within 0.1 3nm and preferably 
0.1 nm after alignment Alignment is achieved after the best model has been oriented and 
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positioned to give the maximum overlap of atomic coordinates of non-hydrogen protein 
atoms of the perhydrolase in question to the M. smegmatis perhydrolase. As known in the 
art, the best model is the crystallographic model giving the lowest R factor for 
experimental diffraction data at the highest resolution available. Equivalent residues 
5 which are functionally and/or structurally analogous to a specific residue of M. smegmatis 
perhydrolase are defined as those amino acids of the peihydrolases that preferentially 
adopt a conformation such that they either alter, modify or modulate the protein 
structure, to effect changes in substrate binding and/or catalysis in a manner defined and 
attributed to a specific residue of the M. smegmatis perhydrolase. Further, they are those 

1 0 residues of the perhydrolase (in cases where a tertiary structure has been obtained by x- 
ray crystallography), which occupy an analogous position to the extent that although the 
main chain atoms of the given residue may not satisfy the criteria of equivalence on the 
basis of occupying a homologous position, the atomic coordinates of at least two of the 
side chain atoms of the residue lie with 0.1 3 nm of the corresponding side chain atoms of 

15 M. smegmatis perhydrolase. The coordinates of the three dimensional structure of M. 

smegmatis perhydrolase were determined and are set forth herein (See e.g.. Example 14) 
and find use as outlined above to determine equivalent residues on the level of tertiary 
structure. 

In some embodiments, some of the residues identified for substitution, insertion or 
20 deletion are conserved residues whereas others are not The perhydrolase mutants of the 
present invention include various mutants, including those encoded by nucleic acid that 
comprises a signal sequence. In some embodiments of perhydrolase mutants that are 
encoded by such a sequence are secreted by an expression host. In some further 
embodiments, the nucleic acid sequence comprises a homolog having a secretion signal. 
25 Characterization of wild-type and mutant proteins is accomplished via any means 

suitable and is preferably based on the assessment of properties of interest. For example, 
pH and/or temperature, as well as detergent and /or oxidative stability is/are determined 
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in some embodiments of the present invention. Indeed, it is contemplated that enzymes 
having various degrees of stability in one or more of these characteristics (pH, 
temperature, proteolytic stability, detergent stability, and/or oxidative stability) will find 
use. In still other embodiments, perhydrolases with low peracid degradation activity are 
5 selected. 

As used herein, "expression vector" refers to a DNA construct containing a DNA 
sequence that is operably linked to a suitable control sequence capable of effecting the 
expression of the DNA in a suitable host. Such control sequences include a promoter to 
effect transcription, an optional operator sequence to control such transcription, a 

10 sequence encoding suitable mRNA ribosome binding sites and sequences which control 
termination of transcription and translation. Hie vector may be a plasmid, a phage 
particle, or simply a potential genomic insert Once transformed into a suitable host, the 
vector may replicate and function independently of the host genome, or may, in some 
instances, integrate into the genome itself. In the present specification, "plasmid," 

15 "expression plasmid," and "vector" are often used interchangeably as the plasmid is the 
most commonly used form of vector at present. However, the invention is intended to 
include such other forms of expression vectors that serve equivalent functions and which 
are, or become, known in the art. 

In some preferred embodiments, the perhydrolase gene is ligated into an 

20 appropriate expression plasmid. The cloned perhydrolase gene is thai used to transform 
or transfect a host cell in order to express the perhydrolase gene. This plasmid may 
replicate in hosts in the sense that it contains the well-known elements necessary for 
plasmid replication or the plasmid may be designed to integrate into the host 
chromosome. The necessary elements are provided for efficient gene expression (e.g.* a 

25 promoter operably linked to the gene of interest). In some embodiments, these necessary 
elements are supplied as the gene's own homologous promoter if it is recognized, (i.e., 
transcribed, by the host), a transcription terminator (a polyadenylation region for 
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eukaryotic host cells) which is exogenous or is supplied by the endogenous terminator 
region of the perhydrolase gene. In some embodiments, a selection gene such as an 
antibiotic resistance gene that enables continuous cultural maintenance of plasmid- 
infected host cells by growth in antimicrobial-containing media is also included. 
5 The following cassette mutagenesis method may be used to facilitate the 

construction of the perhydrolase variants of the present invention, although other methods 
may be used. 

First, as described herein, a naturally^ccurring gene encoding the perhydrolase is 
obtained and sequenced in whole or in part. Then, the sequence is scanned for a point at 
1 0 which it is desired to make a mutation (deletion, insertion or substitution) of one or more 
amino acids in the encoded perhydrolase. The sequences flanking this point are evaluated 
for the presence of restriction sites for replacing a short segment of the gene with an 
oligonucleotide pool which when expressed will encode various mutants. Such 
restriction sites are preferably unique sites within the protein gene so as to facilitate the 
15 replacement of the gene segment. However, any convenient restriction site which is not 
overly redundant in the perhydrolase gene may be used, provided the gene fragments 
generated by restriction digestion can be reassembled in proper sequence. If restriction 
sites are not present at locations within a convenient distance from the selected point 
(from 10 to 15 nucleotides), such sites are generated by substituting nucleotides in the 
20 gene in such a fashion that neither the reading frame nor the amino acids encoded are 

changed in the final construction. Mutation of the gene in order to change its sequence to 
conform to the desired sequence is accomplished by Ml 3 primer extension in accord with 
generally known methods. The task of locating suitable flanking regions and evaluating 
the needed changes to arrive at two convenient restriction site sequences is made routine 
25 by the redundancy of the genetic code, a restriction enzyme map of the gene and the large 
number of different restriction enzymes. Note that if a convenient flanking restriction site 
is available, the above method need be used only in connection with the flanking region 
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which does not contain a site. 

Once the naturally-occurring DNA and/or synthetic DNA is cloned, the restriction 
sites flanking the positions to be mutated are digested with the cognate restriction . 
enzymes and a plurality of end termini-complementary oligonucleotide cassettes are 
5 ligated into the gene. The mutagenesis is simplified by this method because all of the 
oligonucleotides can be synthesized so as to have the same restriction sites, and no 
synthetic linkers are necessary to create the restriction sites. 

As used herein, "corresponding to," refers to a residue at the enumerated position 
in a protein or peptide, or a residue that is analogous, homologous, or equivalent to an 
1 0 enumerated residue in a protein or peptide. 

As used herein, "corresponding region," generally refers to an analogous position • 
along related proteins or a parent protein. 

The terms "nucleic acid molecule encoding," "nucleic acid sequence encoding," 
"DNA sequence encoding," and "DNA encoding" refer to the order or sequence of 
1 5 deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these 

deoxyribonucleo tides determines the order of amino acids along the polypeptide (protein) 
chain. The DNA sequence thus codes for the amino acid sequence. 

As used herein, the term "analogous sequence'* refers to a sequence within a 
protein that provides similar function, tertiary structure, and/or conserved residues as the 
20 protein of interest {i.e., typically the original protein of interest). For example, in epitope 
regions that contain an alpha helix or a beta sheet structure, the replacement amino acids 
in the analogous sequence preferably maintain the same specific structure. The term also 
refers to nucleotide sequences, as well as amino acid sequences. In some embodiments, 
analogous sequences are developed such that the replacement amino acids result in a 
25 variant enzyme showing a similar or improved function. In some preferred embodiments, 
the tertiary structure and/or conserved residues of the amino acids in the protein of 
interest are located at or near the segment or fragment of interest. Thus, where the 
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segment or fragment of interest contains, for example, an alpha-helix or a beta-sheet 
structure, the replacement amino acids preferably maintain that specific structure. 

As used herein, "homologous protein" refers to a protein (e.g., perhydiolase) that 
has similar action and/or structure, as a protein of interest (e.g., an perhydrolase from 
5 another source). It is not intended that homologs be necessarily related evolutionary. 
Thus, it is intended that the term encompass the same or similar enzyme(s) (i.e., in terms 
of structure and function) obtained from different species. In some preferred 
embodiments, it is desirable to identify a homolog that has a quaternary, tertiary and/or 
primary structure similar to the protein of interest, as replacement for the segment or 
10 fragment in the protein of interest with an analogous segment from the homolog will 
reduce the disruptiveness of the change. In some embodiments, homologous proteins 
have induce similar immunological response(s) as a protein of interest 

As used herein, homologous genes" refers to at least a pair of genes from 
different species, which genes correspond to each other and which are identical or very 
15 similar to each other. Hie term encompasses genes that are separated by speciation (i.e., 
the development of new species) (e.g., orthologous genes), as well as genes that have 
been separated by genetic duplication (e.g., paralogous genes). These genes encode 
"homologous proteins." 

As used herein, "ortholog" and "orthologous genes" refer to genes in different 
10 species that have evolved from a common ancestral gene (i.e., a homologous gene) by 
speciation. Typically, orthologs retain the same function during the course of evolution. 
Identification of orthologs finds use in the reliable prediction of gene function in newly 
sequenced genomes. 

As used herein, "paralog" and "paralogous genes" refer to genes that are related 
15 by duplication within a genome. While orthologs retain the same function through the 

course of evolution, paralogs evolve new functions, even though some functions are often 
related to the original one. Examples of paralogous genes include, but are not limited to 
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genes encoding trypsin, chymotrypsin, elastase, and thrombin, which are all serine 
proteinases and occur together within the same species. 

As used herein, "wild-type" and "native" proteins are those found in nature. The 
terms "wild-type sequence," and "wild-type gene" are used interchangeably herein, to 
5 refer to a sequence that is native or naturally occurring in a host cell. In some 

embodiments, the wild-type sequence refers to a sequence of interest that is the starting 
point of a protein engineering project. The genes encoding the naturally-occurring 
protein may be obtained in accord with the general methods known to those skilled in the 
art The methods generally comprise synthesizing labeled probes having putative 
1 0 sequences encoding regions of the protein of interest, preparing genomic libraries from 
organisms expressing the protein, and screening the libraries for the gene of interest by 
hybridization to the probes. Positively hybridizing clones are then mapped and 
sequenced. 

The term "recombinant DNA molecule" as used herein refers to a DNA molecule 
1 5 that is comprised of segments of DNA joined together by means of molecular biological 
techniques. 

The term "recombinant oligonucleotide" refers to an oligonucleotide created using 
molecular biological manipulations, including but not limited to, the ligation of two or 
more oligonucleotide sequences generated by restriction enzyme digestion of a 

20 polynucleotide sequence, the synthesis of oligonucleotides the synthesis of primers 
or oligonucleotides) and the like. 

The degree of homology between sequences may be determined using any suitable 
method known in the art (See e.g., Smith and Waterman, Adv. Appl. Math., 2:482 [1981]; 
Needleman and Wunsch, J. Mol. Biol., 48:443 [1970]; Pearson and Lipman, Proc. Nad. 

25 Acad. Sci. USA 85:2444 [1988]; programs such as GAP, BESTFIT, FASTA, and 
TFASTA in the Wisconsin Genetics Software Package (Genetics Computer Group, 
Madison, WI); and Devereux et a/., Nucl. Acid Res., 12:387-395 [1984]). 
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For example, PDLEUP is a useful program to determine sequence homology 
levels. PILEUP creates a multiple sequence alignment from a group of related sequences 
using progressive, pairwise alignments. It can also plot a tree showing the clustering 
relationships used to create the alignment. PILEUP uses a simplification of the 
5 progressive alignment method of Feng and Doolittle, (Feng and Doolittle, J. Mol. EvoL, 
35:351-360 [1987]). The method is similar to that described by Higgjns and Sharp 
(Higgins and Sharp, CABIOS 5:151-153 [1989]). Useful PILEUP parameters includinga 
default gap weight of 3.00, a default gap length weight of 0,10, and weighted end gaps. 
Another example of a useful algorithm is the BLAST algorithm, described by Altschul et 

10 aL, (Altschul et aL, J. Mol. Biol., 215:403-410, [1990]; and Karlin et aL, Proc. Natl. 

Acad. Sci. USA 90:5873-5787 [1993]). One particularly useful BLAST program is the 
WU-BLAST-2 program (See, Altschul et aL, Meth. Enzymol.,, 266:46^480 [1996]). 
parameters "W," "T," and "X** determine the sensitivity and speed of the alignment The 
BLAST program uses as defaults a wordlength (W) of 1 1 , the BLOSUM62 scoring 

15 matrix (See, Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA 89:1 0915 [1989]) 

alignments (B) of 50, expectation (E) of 10, M'5, N*-4, and a comparison of both strands. 

As used herein, "percent (%) nucleic acid sequence identity" is defined as the 
percentage of nucleotide residues in a candidate sequence that are identical with the 
nucleotide residues of the sequence. 

20 As used herein, the term "hybridization" refers to the process by which a strand of 

nucleic acid joins with a complementary strand through base pairing, as known in the art. 

As used herein, the phrase "hybridization conditions" refers to the conditions 
under which hybridization reactions are conducted. These conditions are typically 
classified by degree of "stringency" of the conditions under which hybridization is 

25 measured. The degree of stringency can be based, for example, on the melting 

temperature (Tm) of the nucleic acid binding complex or probe. For example, "maximum 
stringency" typically occurs at about Tm-5°C (5° below the Tm of the probe); "high 
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stringency" at about 5-10° below the Tm; "intermediate stringency" at about 10-20° below 
the Tin of the probe; and "low stringency" at about 20r25° below the Tm. Alternatively, 
or in addition, hybridization conditions can be based upon the salt or ionic strength 
conditions of hybridization and/or one or more stringency washes. For example, 6xSSC 
5 = very low stringency, 3xSSC = low to medium stringency; IxSSC = medium stringency, 
and O.SxSSC = high stringency. Functionally, maximum stringency conditions may be 
used to identify nucleic acid sequences having strict identity or near-strict identity with 
the hybridization probe; while high stringency conditions are used to identify nucleic acid 
sequences having about 80% or more sequence identity with the probe. 
1 0 For applications requiring high selectivity, it is typically desireable to use 

relatively stringent conditions to form the hybrids {e.g., relatively low salt and/or high 
temperature conditions are used). 

The phrases "substantially similar and "substantially identical" in the context of at 
least two nucleic acids or polypeptides typically means that a polynucleotide or 
1 5 polypeptide comprises a sequence that has at least about 40% identity, more preferable at 
least about 50% identity, yet more preferably at least about 60% identity, preferably at 
least about 75% identity, more preferably at least about 80% identity, yet more preferably 
at least about 90%, still more preferably about 95%, most preferably about 97% identity, 
sometimes as much as about 98% and about 99% sequence identity, compared to the 
JO reference (i.e., wild-type) sequence. Sequence identify may be determined using known 
programs such as BLAST, ALIGN, and CLUSTAL using standard parameters. (See e.g., 
Altschul, etaL 9 J. Mol. Biol. 215:403-410 [1990]; Henikoffef a/., Proa Natl. Acad. Sci. 
USA 89:10915 [1989]; Karin et aL, Proc. Natl. Acad. Sci USA 90:5873 [1993]; and 
Higgins et aL, Gene 73:237 - 244 [1 988]). Software for performing BLAST analyses is 
\5 publicly available through the National Center for Biotechnology Information. Also, 
databases may be searched using FASTA (Pearson et aL, Proc. Natl. Acad. Sci. USA 
85:2444-2448 [1988]). One indication that two polypeptides are substantially identical is 
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that the first polypeptide is immunologically cross-reactive with the second polypeptide. 
Typically, polypeptides that differ by conservative amino acid substitutions are 
immunologically cross-reactive. Thus, a polypeptide is substantially identical to a second 
polypeptide, for example, where the two peptides differ only by a conservative 
5 substitution. Another indication that two nucleic acid sequences are substantially 

identical is that the two molecules hybridize to each other under stringent conditions {e.g., 
within a range of medium to high stringency). 

As used herein, "equivalent residues" refers to proteins that share particular amino 
acid residues. For example, equivalent resides may be identified by determining 
10 homology at the level of tertiary structure for a protein (e.g., perhydrolase) whose tertiary 
structure has been determined by x-ray crystallography. Equivalent residues are defined 
as those for which the atomic coordinates of two or more of the main chain atoms of a 
particular amino acid residue of the protein having putative equivalent residues and the 
protein of interest (N on N, CA on CA, C on C and O on O) are within 0.13 nm and 
1 5 preferably 0. 1 nm after alignment. Alignment is achieved after the best model has been 
oriented and positioned to give the maximum overlap of atomic coordinates of non- 
hydrogen protein atoms of the proteins analyzed. The preferred model is the 
crystallographic model giving the lowest R factor for experimental diffraction data at the 
highest resolution available, determined using methods known to those skilled in the art 
20 of crystallography and protein characterization/analysis. 

As used herein, the terms "hybrid perhydrolases" and 'fusion perhydrolases" refer 
to proteins that are engineered from at least two different* or "parental" proteins. In 
preferred embodiments, these parental proteins are homologs of one another. For 
example, in some embodiments, a preferred hybrid perhydrolase or fusion protein 
25 contains the N-terminus of a protein and the C-terminus of a homolog of the protein. In 
some preferred embodiment, the two terminal ends are combined to correspond to the 
full-length active protein. 
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The term "regulatory element" as used herein refers to a genetic element that 
controls some aspect of the expression of nucleic acid sequences. For example, a 
promoter is a regulatory element which facilitates the initiation of transcription of an 
operably linked coding region. Additional regulatory elements include splicing signals, 
5 polyadenylation signals and termination signals. 

As used herein, "host cells" are generally prokaryotic or eukaryotic hosts which 
are transformed or transfected with vectors constructed using recombinant DNA 
techniques known in the art Transformed host cells are capable of either replicating 
vectors encoding the protein variants or expressing the desired protein variant. In the 
10 case of vectors which encode the pre- or prepro-form of the protein variant, such variants, 
when expressed, are typically secreted from the host cell into the host cell medium. 

The term "introduced" in the context of inserting a nucleic acid sequence into a 
cell, means transformation, transduction or transfection. Means of transformation include 
protoplast transformation, calcium chloride precipitation, electroporation, naked DNA 
1 5 and the like as known in the art. (See, Chang and Cohen, Mol. Gen. Genet, 1 68: 111-115 
[1979]; Smith et al y Appl. Env. Microbiol., 51 :634 [1 986]; and the review article by 
Ferrari et al. y in Harwood, Bacillus, Plenum Publishing Corporation, pp. 57-72 [1989]). 

The term "promoter/enhancer" denotes a segment of DNA which contains 
sequences capable of providing both promoter and enhancer functions (for example, the 
20 long terminal repeats of retroviruses contain both promoter and enhancer functions). The 
enhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An 
endogenous enhancer/promoter is one which is naturally linked with a given gene in the 
genome. An exogenous (heterologous) enhancer/promoter is one which is placed in 
juxtaposition to a gene by means of genetic manipulation (i.e., molecular biological 
25 techniques). 

The presence of "splicing signals" on an expression vector often results in higher 
levels of expression of the recombinant transcript. Splicing signals mediate the removal 
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of introns from the primary RNA transcript and consist of a splice donor and acceptor site 
(Sambrook et al^ Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring 
Harbor Laboratory Press, New York [1989], pp. 16.7-16.8). A commonly used splice 
donor and acceptor site is the splice junction from the 16S RNA of SV40. 
5 . The term "stable transfection" or "stably transfected" refers to the introduction and 

integration of foreign DNA into the genome of the transfected cell. The term "stable 
transfectant" refers to a cell which has stably integrated foreign or exogenous DNA into 
the genomic DNA of the transfected cell. 

The terms "selectable marker" or "selectable gene product" as used herein refer to 
10 the use of a gene which encodes an enzymatic activity that confers resistance to an 
antibiotic or drug upon the cell in which the selectable marker is expressed. 

As used herein, the terms "amplification" and "gene amplification" refer to a 
process by which specific DNA sequences are disproportionately replicated such that the 
amplified gene becomes present in a higher copy number than was initially present in the 
1 5 genome. In some embodiments, selection of cells by growth in the presence of a drug 
(e.g. f an inhibitor of an inhibi table enzyme) results in the amplification of either the 
endogenous gene encoding the gene product required for growth in the presence of the 
drug or by amplification of exogenous (i.e., input) sequences encoding this gene product, 
or both. Selection of cells by growth in the presence of a drug (eg., an inhibitor of an 
20 inhibitable enzyme) may result in the amplification of either the endogenous gene 
encoding the gene product required for growth in the presence of the drug or by 
amplification of exogenous (Le. 9 input) sequences encoding this gene product, or both. 

"Amplification" is a special case of nucleic acid replication involving template 
specificity. It is to be contrasted with non-specific template replication (i.e., replication 
25 that is template-dependent but not dependent on a specific template). Template 

specificity is here distinguished from fidelity of replication (i.e., synthesis of the proper 
polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) specificity. Template 
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specificity is frequently described in terms of "target" specificity. Target sequences are 
"largets" in the sense that they are sought to be sorted out from other nucleic acid. 
Amplification techniques have been designed primarily for this sorting out 

As used herein, the term "co-amplification" refers to the introduction into a single 
5 cell of an amplifiable marker in conjunction with other gene sequences (Le. 9 comprising 
one or more non-selectable genes such as those contained within an expression vector) 
and the application of appropriate selective pressure such that the cell amplifies both the 
amplifiable marker and the other, non-selectable gene sequences. The amplifiable marker 
may be physically linked to the other gene sequences or alternatively two separate pieces 
10 of DNA, one containing the amplifiable marker and the other containing the non- 
selectable marker, may be introduced into the same cell. 

As used herein, the terms "amplifiable marker," "amplifiable gene," and 
"amplification vector" refer to a marker, gene or a vector encoding a gene which permits 
the amplification of that gene under appropriate growth conditions. 
15 As used herein, the term "amplifiable nucleic acid" refers to nucleic acids which 

may be amplified by any amplification method. It is contemplated that "amplifiable 
nucleic acid" will usually comprise "sample template." 

As used herein, the term "sample template" refers to nucleic acid originating from 
a sample which is analyzed for the presence of "target" (defined below). In contrast, 
20 "background template" is used in reference to nucleic acid other than sample template 
which may or may not be present in a sample. Background template is most often 
inadvertent. It may be the result of carryover, or it may be due to the presence of nucleic 
acid contaminants sought to be purified away from the sample. For example, nucleic 
acids from organisms other than those to be detected may be present as background in a 
25 test sample. 

'Template specificity*' is achieved in most amplification techniques by the choice 
of enzyme. Amplification enzymes are enzymes that, under conditions they are used, will 
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process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic 
acid. For example, in the case of QP replicase, MDV-1 RNA is the specific template for 
the replicase (See e.g., Kacian et al, Proc. Natl. Acad. Sci. USA 69:3038 [1972]). Other 
nucleic acids are not replicated by this amplification enzyme. Similarly, in the case of T7 
5 RNA polymerase, this amplification enzyme has a stringent specificity for its own 
promoters (See, Chamberlin et al, Nature 228:227 [1 970]). In the case of T4 DNA 
ligase, the enzyme will not ligate the two oligonucleotides or polynucleotides, where 
there is a mismatch between the oligonucleotide or polynucleotide substrate and the 
template at the ligation junction (See, Wu and Wallace, Genomics 4:560 [1989]). Finally, 

10 Taq and Pfu polymerases, by virtue of their ability to function at high temperature, are 
found to display high specificity for the sequences bounded and thus defined by the 
primers; the high temperature results in thermodynamic conditions that favor primer 
hybridization with the target sequences and not hybridization with non-target sequences. 
As used herein, the term "primer" refers to an oligonucleotide, whether occurring 

15 naturally as in a purified restriction digest or produced synthetically, which is capable of 
acting as a point of initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product which is complementary to a nucleic acid strand 
is induced, (i.e., in the presence of nucleotides and an inducing agent such as DNA 
polymerase and at a suitable temperature and pH). The primer is preferably single 

20 stranded for maximum efficiency in amplification, but may alternatively be double 

stranded. If double stranded, the primer is first treated to separate its strands before being 
used to prepare extension products. Preferably, the primer is an 

oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of 
extension products in the presence of the inducing agent The exact lengths of the 
25 primers will depend on many factors, including temperature, source of primer and the use 
of the method. 

As used herein, the term "probe" refers to an oligonucleotide (Le., a sequence of 
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nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PGR amplification, which is capable of hybridizing to 
another oligonucleotide of interest A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identification and isolation of particular gene 
5 sequences. It is contemplated that any probe used in the present invention will be labeled 
with any "reporter molecule," so that is detectable in any detection system, including, but 
not limited to enzyme (e.g., ELISA, as well as enzyme-based histochemical assays), 
fluorescent, radioactive, and luminescent systems. It is not intended that the present 
invention be limited to any particular detection system or label. 

10 As used herein, the term "target," when used in reference to amplification methods 

(e.g., the polymerase chain reaction), refers to the region of nucleic acid bounded by the 
primers used for polymerase chain reaction. Thus, the "target" is sought to be sorted out 
from other nucleic acid sequences. A "segment" is defined as a region of nucleic acid 
within the target sequence. 

15 As used herein, the term "polymerase chain reaction" ("PCR") refers to the . . 

methods of U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, hereby incorporated by 
reference, which include methods for increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA without cloning or purification. This process for 
amplifying the target sequence consists of introducing a large excess of two 

20 oligonucleotide primers to the DNA mixture containing the desired target sequence, 

followed by a precise sequence of thermal cycling in the presence of a DNA polymerase. 
The two primers are complementary to their respective strands of the double stranded 
target sequence. To effect amplification, the mixture is denatured and the primers then 
annealed to their complementary sequences within the target molecule. Following 

25 annealing, the primers are extended with a polymerase so as to form a new pair of 

complementary strands. The steps of denaturation, primer annealing and polymerase 
extension can be repeated many times (i.e., denaturation, annealing and extension 
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constitute one "cycle"; there can be numerous "cycles") to obtain a high concentration of 
an amplified segment of the desired target sequence. The length of the amplified segment 
of the desired target sequence is determined by the relative positions of the primers with 
respect to each other, and therefore, this length is a controllable parameter. By virtue of 
5 the repeating aspect of the process, the method is referred to as the "polymerase chain 
reaction" (hereinafter "PCR"). Because the desired amplified segments of the target 
sequence become the predominant sequences (in terms of concentration) in the mixture, 
they are said to be "PCR amplified". 

As used herein, the term "amplification reagents" refers to those reagents 

10 (deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for 
primers, nucleic acid template and the amplification enzyme. Typically, amplification 
reagents along with other reaction components are placed and contained in a reaction 
vessel (test tube, microwell, etc.). 

With PCR, it is possible to amplify a single copy of a specific target sequence in 

15 genomic DNA to a level detectable by several different methodologies (e.g., hybridization 
with a labeled probe; incorporation of biotinylated primers followed by avidin-enzyme 
conjugate detection; incorporation of 32 P-labeled deoxynucleotide triphosphates, such as 
dCTP or dATP, into the amplified segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be amplified with the appropriate set of 

20 primer molecules. In particular, the amplified segments created by the PCR process itself 
are, themselves, efficient templates for subsequent PCR amplifications. 

As used herein, the terms "PCR product," "PCR fragment," and "amplification 
product" refer to the resultant mixture of compounds after two or more cycles of the PCR 
steps of denaturation, annealing and extension are complete. These terms encompass the 

25 case where there has been amplification of one or more segments of one or more target 
sequences. 

As used herein, the terms "restriction endonucleases" and "restriction enzymes" 
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refer to bacterial enzymes, each of which cut double-stranded DNA at or near a specific 
nucleotide sequence. 

The Present Invention 

5 _ -In some most particularly preferred embodiments* the present invention finds use 
. in the enzymatic generation of peracids from ester substrates and hydrogen peroxide. In 
some preferred embodiments, the substrates are selected from one or more of the 
following: formic acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, 
caprylic acid, nonanoic acid, decanoic acid, dodecanoic acid, myristic acid, palmitic acid, 

10 stearic acid, and oleic acid. Importantly, the present invention provides means for 

effective cleaning, bleaching, and disinfecting over broad pH and temperature ranges. In 
some embodiments, the pH range utilized in this generation is 4-12. In alternative 
embodiments, the temperature range utilized is between 5* and 9(TC. The present 
invention provides advantages over the presently used systems (See e.g. 9 EP Appln. 87- 

15 304933.9) in that bleaching is possible at the optimum pH of peracid oxidation, as well as 
providing bleaching at neutral pH, acidic pHs, and at low temperatures. While the 
present invention is described herein most fully in regard to laundry and fabric care, it is 
not intended that the present invention be limited to these applications. Indeed, the 
present invention finds use in various settings, particularly those in which bleaching by 

20 peracids and/or hydrogen peroxide are desired, including but not limited to laundry, fabric 
treatment, pulp and paper processing, personal care applications, disinfection and 
cleaning of hard surfaces. For example, it is contemplated that the compositions of the 
present invention will find use in bleaching of pulp, including use in methods such as 
those set forth in U.S. Patent Nos. 6,569,286, 5,785,812, 6,165,318, and 4,400,237, all of 

25 which are herein incorporated by reference. 

Historically, sodium perborate, and more recently, sodium percarbonate, have 
been used as bleaching compounds, particularly in European laundry detergents. This 
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compound decomposes rapidly in aqueous solution to yield hydrogen peroxide (H2O2X 
which is the active bleaching species. As sodium perborate is more active at temperatures 
above 80'C, and less active in the temperature range of 40-6CTC (i.e., wash temperatures 
that have become most commonly preferred as of the 1950s), bleaching activators have 
5 been incorporated into laundry detergents that contain sodium perborate. Indeed, most 
laundry detergents contain bleaching activators. These activators are compounds with O 
or N-bounded acetyl groups that are able to react with the strongly nucleophilic 
hydroperoxy anion to yield peroxyacetic acid. Since the reacting species is hydroperoxy 
anion, alkaline pHs are essential for the efficient conversion of these activators to 

10 peracids. The peroxyacetic acid is decomposed in weakly basic media to form singlet 
oxygen {See, Hofinann et ai 9 J. Prakt Chem., 334:293-297 [1992]). 

Hydrogen peroxide is a particularly effective bleach at high temperatures (e.g., 
>40 Q C) and pH (>10), conditions that are typically used in washing fabrics in some 
settings. However, as indicated above, cold water washing is becoming more commonly 

15 used and results in less effective bleaching by H2O2 than use of hot water. To overcome 
this low temperature disadvantage, detergent formulations typically include bleach 
boosters, such as TAED (N^^'N^-tetraacetylethylenediamine), NOBS 
(nonanoyloxybenzene sulfonate), etc. These boosters combine with H2O2 to form peracetic 
acid, a peracid species that is more effective than H2O2 alone. Although it helps the 

20 bleaching capability of detergent, the TAED reaction is only approximately 50% efficient, 
as only two out of the four acetyl groups in TAED are converted to peracids. 
Additionally, conversion of TAED into peracetic acid by hydrogen peroxide is efficient 
only at alkaline pHs and high temperatures. Thus, the TAED reaction is not optimized 
for use in all bleaching applications (e.g., those involving neutral or acidic pHs, and cold 

25 water). The present invention provides means to overcome the disadvantages of TAED 
use. For example, the present invention finds use in cold water applications, as well as 
those involving neutral or acidic pH levels. Furthermore, the present invention provides 


70 


IPC 7\ W £ ?1H15/ 0 5^ 782 }-0 H"3 Efi PCT/US2004/040438 

.1 


GC821-2 ^ ^ 


means for peracid generation from hydrogen peroxide, with a high perhydrolysis to 
hydrolysis ratio. The present invention further provides advantages over compositions 
that contain enzymes such as esterases and lipases) which have very low perhydrolysis to 
hydrolysis ratios. 

5 In addition to its applications in detergents, the present invention provides 

methods and compositions for the use of peracids in textile bleaching and in various other 
applications. In some embodiments, the present invention provides one-step methods for 
textile processing applications, including but not limited to one-step desizing, scouring 
and bleaching processes (See e.g. p EP WO 03002810, EP 1255888, WO 0164993, and US 
10 200200075 16, all of which are hereby incorporated by reference). As described in greater 
detail herein, in some embodiments, bleaching involves processing textile material before 
it is dyed and/or after it is incorporated into textile goods. However, it is not intended 
that the present invention be limited to any particular regimen of use nor any particular 
textile material. 

1 5 Furthermore, the peracetic technology of the present invention finds use as an 

effective bactericide (See, Baldry, J. Appl. BacterioL, 54:417-423 [1983]). Thus, the 
present invention provides compositions and methods for the sterilization/disinfection of 
various objects, including but not limited to medical devices, medical equipment, 
industrial equipment, and fermenters, as well as any additional object that needs to be 

20 sterilized or disinfected. As discussed in greater detail below, during the development of 
the present invention, the enzyme of the present invention was used in a standard cell kill 
experiment to demonstrate this suitability. In additional embodiments, the present 
invention provides compositions and methods suitable for use in biofilm control, such as 
in cooling towers. 

25 Also as described in more detail in the Examples below, the present invention 

provides many advantages for cleaning and/or sterilization of a wide range of objects, 
including but not limited to clothing, fabrics, medical devices, etc. In addition, the 
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present invention provides compositions that are effective in cleaning, bleaching, and 
disinfecting, over a range of wash temperatures and pHs. In additional embodiments, the 
present invention finds use in degradation of peracids through the perhydrolase peracid 
degradation activity. In some preferred embodiments, this activity is used in peracid 
5 waste clean up applications. 

Furthermore, the perhydrolase enzymes of the present invention are active on 
various acyl donor substrates, as well as being active at low substrate concentrations, and 
provide means for efficient perhydrolysis due to the high peracidracid ratio. Indeed, it has 
been recognized that higher perhydrolysis to hydrolysis ratios are preferred for bleaching 

10 applications (See e.g., U.S. Patent No. 5,352,594, 5,108,457, 5,030,240, 3974,082, and 
5,296,616, all of which are herein incorporated by reference). In preferred embodiments, 
the perhydrolase enzymes of the present invention provide perhydrolysis to hydrolysis 
ratios that are greater than 1 . In particularly preferred embodiments, the perhydrolase 
enzymes provide a perhydrolysis to hydrolysis ratio greater than 1 and are find use in 

15 bleaching. 

In addition, it has been shown to be active in commonly used detergent 
formulations Ariel Futur, WOB, etc.). Thus, the present invention provides many 
advantages in various cleaning settings. 

As indicated above, key components to peracid production by enzymatic 

20 perhydrolysis are enzyme, ester substrate, and hydrogen peroxide. Hydrogen peroxide 
can be either added directly in batch, or generated continuously "in situ" Current 
washing powders use batch additions of H2O2, in the form of percarbonate or perborate 
salts that spontaneously decompose to H2O2. The perhydrolase enzymes of the present 
invention find use in the same washing powder batch method as the H2O2 source. 

25 However, these enzymes also find use with any other suitable source of H2O2, including 
that generated by chemical, electro-chemical, and/or enzymatic means. Examples of 
chemical sources are the percarbonates and perborates mentioned above, while an 
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example of an electrochemical source is a fuel cell fed oxygen and hydrogen gas, and an 
enzymatic example includes production of H2O2 from the reaction of glucose with 
glucose oxidase. The following equation provides an example of a coupled system that 
finds use with the present invention. 

5 

Glucose oxidase 

Glucose + H2O -> gluconic acid + H2O2 

+ 

10 Perhydrolase 

H2O2 + ester substrate -> alcohol + peracid 


It is not intended that the present invention be limited to any specific enzyme, as 
15 any enzyme that generates H2O2 with a suitable substrate finds use in the methods of the 
present invention. For example, lactate oxidases from Lactobacillus species which are 
known to create H2O2 from lactic acid and oxygen find use with the present invention. 
Indeed, one advantage of the methods of the present invention is that the generation of 
acid (e.g. 9 gluconic acid in the above example) reduces the pH of a basic solution to the 
20 pH range in which the peracid is most effective in bleaching (i.e., at or below the pKa). 
Other enzymes {e.g., alcohol oxidase, ethylene glycol oxidase, glycerol oxidase, amino 
acid oxidase, etc.) that can generate hydrogen peroxide also find use with ester substrates 
in combination with the perhydrolase enzymes of the present invention to generate 
peracids. In some preferred embodiments, the ester substrates are selected from one or 
25 more of the following acids: formic acid, acetic acid, propionic acid, butyric acid, Valeric 
acid, caproic acid, caprylic acid, nonanoic acid, decanoic acid, dodecanoic acid, myristic 
acid, palmitic acid, stearic acid, and oleic acid. Thus, as described herein, the present 
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invention provides definite advantages over the currently used methods and compositions 
for detergent formulation and use, as well as various other applications. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
5 The present invention provides methods and compositions comprising at least one 

peihydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

10 

Cloning and Characterization of M smegmatis Perhydrolase 

The cloning of the M smegmatis perhydrolase (i.e., referred to herein as the "phc? 9 
gene, which encodes the "Phd" protein; this perhydrolase gene is sometimes herein 
referred to as the "acf* gene and the protein is sometimes referred to as the "Act* * protein) 

15 of the present invention was based on peptide sequence data from the acyltransferase 
purified from Mycobacterium parafortuitum (previously known as Corynebacterium 
oxydans) and published information regarding the 7-aminocephalosporanic acid (7-ACA) 
aiylesterase gene of Agrobacterium radiobacter (Sakai et al. 9 J. Ferment Bioengineer., 
85: 138-143 [1998]). Two peptide sequences from purified M parafortuitum 

20 acyltransferase were found to be similar to internal N- and C-terminal regions of the A. 
radiobacter 7-ACA-arylesterase (47% and 42% identity respectively). 

A set of PCR primers was designed based on the amino acid sequence of these 
internal peptides (designated "AtintF" and "AtintR"). Another set of primers was 
developed based on the 5' and 3' ends ("ATNcol" and "ATBamHl") of the A 

25 radiobacter 7-ACA DNA sequence. A single product of the expected size was amplified 
from M. parafortuitum chromosomal DNA using both sets of primers. The full length 
product, amplified by the ATNcoI/ATBamH 1 primer pair, was cloned into pET16b and 
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transformed into BL21 cells (Novagen, Madison, WI). This clone had a sequence 
identical to that of the A. radiobacter 7-ACA gene. As it was determined that purified M 
parafortuitum perhydrolase was not the 7-ACA acyl esterase, it was concluded that this 
was not the gene encoding the perhydrolase of the present invention. 
5 Thus, efforts were further focused on Af. smegmatis for cloning and expression of 

the perhydrolase of the present invention. To identify the M parafortuitum gene based 
on enzyme activity screening, a plasmid library of M parafortuitum DNA in M 
smegmatis was constructed using a plasmid with a promoter to drive expression of cloned 
genes. Surprisingly, Af. smegmatis itself was found to be positive for perhydrolase and 

10 acyltransferase activity. Thus, in some instances herein, the perhydrolase is referred to as 
"ACT" (or "Act*'). A protein BLAST search of the M smegmatis unfinished genome 
using the sequence of the A. radiobacter 7-ACA identified a 2 kb corttig containing an 
ORF (open reading frame) that encoded a hypothetical protein that was similar but not 
identical to the 7-ACA protein. Based on this sequence, primers were designed and used 

1 5 to amplify the gene from M. smegmatis (ATCC 1 0 1 43). By adding an E. coli ribosome 
binding site upstream of the start codon, a clone that expressed active enzyme was 
obtained. The vector used was either pCR2. 1TOPO or pBluntllTOPO (Invitrogen, 
Carlsbad, CA), in E. coli Top 10 cells. The gene was expressed constitutively from the 
plasmid-encoded lac promoter. This enzyme carried out the same reactions as the 

20 originally described Af parafortuitum acyltransferase. 

During the characterization of the perhydrolase of the present invention, standard 
protein BLAST searches identified a few proteins (<20) with sequence similarity of 30- 
80%. This group included the 7-ACA arylesterases from A. radiobacter and other 
organisms, which have 43% identity with M. smegmatis perhydrolase. All of the 

25 identified homologs with at least 40% similarity have a GDS motif very near the N- 

terminal end. All of the proteins also contain most of the conserved residues which could 
place them within the suggested GDSL family of lipolytic enzymes (See e.g., Upton and 
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Buckley, Trends Biochem. Sci., 20:178 [1995]). However, enzymes mentioned in this 
paper do not appear on homology searches with the perhydrolase protein. Indeed these 
proteins have less than 20% similarity with the perhydrolase and its homologs, suggesting 
that the acyltransferase-related (and perhydrolase of the present invention) enzymes form 
5 a subfamily. 

The natural function of the enzyme of the present invention and the closely related 
proteins, apart from th&7-ACA arylesterase, have not been biochemically determined. M. 
smegmatis appears to be the only organism with the acyltransferase/perhydrolase in an 
operon with a putative penicillin binding protein (PBP). While it is not intended that the 
1 0 present invention be limited to any particular mechanism, this suggests that the enzyme 
may be involved in cell wall synthesis/structure or modification of molecules taken up 
from the environment There are no homologies of the perhydrolase of the present 
invention that have been identified in M. tuberculosis or M. leprae to date. However, 
some organisms were determined to have multiple homologues (e.g., S. meliloti). 
. 15 During the development of the present invention, various mutations were made in 

the M smegmatis perhydrolase in order to assess its activity. This enzyme contains two 
cysteine residues, which were hypothesized as potentially forming disulfide bonds, both 
of which were changed to alanine, in order to determine whether or not the C residues had 
any effect on the activity of the enzyme. Activity assay results obtained using the 
20 transesterification (in aqueous solution) assay described herein indicated that C7A, as 
well as C77A, and a double mutant (C7A and C77A) were of the same size and specific 
activity. 

Many enzymes have the amino acid serine as part of their active site and are 
therefore referred to, among other designations, as "serine hydrolases." The active site 
25 may consist of a catalytic triad of S (serine), D (aspartic acid) and H (histidine). 

Examples of such enzymes include, but are not limited to subtilisin (D32-H64-S215),. 
chymotrypsin (H57-D102-S195) and lipases in the alpha/beta hydrolase family (e.g., 
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S126-D176-H206). Atypical motif for lipases is the GDSL motif (Upton and Buckley, 
supra [1995]) in which the S is the active site serine. Since the perhydrolase of the 
present invention was determined to have a GDSL (amino acids 9-12) motif, the SI 1 was 
mutated to an A, in order to confirm the involvement of this S in the active site. As 
5 indicated in the Examples, the activity assay results indicated that SUA had only 1 % of 
the activity of the wild-type enzyme. Deletion of the C-tenninal 25 amino acids also 
resulted in abrogation of the activity, suggesting that these amino acids either contained a 
residue involved directly in the active site, and/or that the structure of the protein was 
affected such that the active site was no longer able to catalyze the reactions. In addition, 
10 the predicted active site residues, D192 and HI 95 were mutated to A. Neither mutant had 
activity, confirming that the active site residues of the perhydrolase of the present 
invention consist of SI 1, D192 and H195. However, it is not intended that the present 
invention be limited to any particular mechanism, nor is the present invention limited to 
mutation(s) at any particular active site residues. 

15 

Cloning of M parafortuitum Perhydrolase 

There were some differences between the N-terminal peptide sequence obtained 
from the M parafortuitum enzyme and the N-terminal sequence of M smegmatis 
perhydrolase. However, there was a sequence in the C-terminal region of the M. 

20 smegmatis perhydrolase identical to the C-terminal peptide sequence of the M. 

parafortuitum enzyme. Two primers were designed to amplify a partial sequence of the 
AT. parafortuitum perhydrolase gene; the sequence of the reverse primer was identical to 
the sequence of the corresponding region in M. smegmatis perhydrolase gene, and the 
sequence of the forward primer was based on M. smegmatis codon usage. The forward 

25 primer, MP5: 5'- 

ATGGGTACCCGACG AATTCTGTCCTTCGGTGATTCCCTGACCT-3 * (SEQ ID 
NO:l 1) and the reverse primer MPC-intR 5*- 
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GATTCCGTCGACGCCGTCGGTGCTGATCACCGAACCCGCGTCGAAGAACGG- 
3 * (SEQ ID NO: 1 2). The partial gene was amplified from the chromosome of M. 
parafortuitum and cloned into pCR2.1TOPO (Invitrogen, Carlsbad, CA). Sequence 
analysis showed that the enzyme is very similar, but not identical to the M. smegmatis 
5 perhydrolase (77% identity). Based on the molecular weights of the monomers of the 
perhydrolases determined by SDS-PAGE (MP AT: 26 kDa, MSAT: 24 kDa, MP cloned 
AT: ~1 8 kDa), the clone from primers made to the internal fragment was determined to 
be missing approximately 70 amino acids (-8 kDa). The remaining sequence at the 5'- 
end of the M parafortuitum gene can be obtained by any of several methods suitable and 
10 familiar to those skilled in the art of molecular biology, including, but not limited to, 
inverse PCR, probing of plasmid/cosmid libraries of M parafortuitum chromosomal 
DNA, sequencing of the gene directly from chromosomal DNA (e.g. 9 as performed by 
Fidelity Systems, Bethesda Maryland). 

1 5 Expression of the M smegmatis Perhydrolase 

The perhydrolase is an intracellular protein in its native host. Production of the 
perhydrolase in non-native hosts may also be done intracellularly. However, in some 
embodiments, a signal sequence is added to the perhydrolase, which facilitates expression 
of the perhydrolase by secretion into the periplasm (/.e., in Gram-negative organisms, 

20 such as E. coK), or into the extracellular space (i.e., in Gram-positive organisms, such as 
Bacillus and Actinomycetes) y or eukaryotic hosts (e.g. y Trichoderma, Aspergillus 9 
Saccharomyces, and Pichia). Of course, these are just a few examples of possible 
prokaryotic and eukaryotic hosts. It is not intended that the present invention be limited 
to these specific hosts, as various other organisms find use as expression hosts in the 

25 present invention. 

A variety of commercially available expression systems, including but not limited 
to pBAD, plac, T7, find use in the expression of the perhydrolase in Gram-negative hosts 
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(eg., £1 coli). In some embodiments, the same types of promoters find use in another 
Gram-negative host, Pantoea citrea. 

To test expression in E. coli two strategies were used: 1) adding an RBS 
(ribosome binding site) to the 5* end of the phd gene and cloning the gene into 
5 pCRBLUNTIITOPO (Invitrogen), thus allowing expression directly from the pLac 

promoter available in that vector; and 2) cloning the phd gene under control of the T7 
promoter in the plasmid pETl 6b (Novagen). In the latter system, expression of the gene 
is inducible by addition of IPTG to the growing culture and use of a specific host cell 
(e.g, BL21(>X>E3)pLysS (Novagen)) that contains the ADE3 lysogen encoding the T7 
10 RNA polymerase. The first strategy produces a plasmid capable of allowing expression 
of the perhydrolase protein in other Gram-negative hosts (e.g., P. citrea): 

To express protein in E. coli or P. citrea using the first strategy, cultures were 
grown from single, purified colonies at 37°C overnight in L broth plus the appropriate 
antibiotic (example, kanamycin 50 jig/ml)* Expression of the protein was determined by 
15 the pNB assay (See, Example 1) after lysis of the cells. 

Expression of the perhydrolase using the T7 expression system requires induction 
. of the culture with the addition of IPTG (e.g., 1 00 mmole IPTG added at an OD550 of 
0.4). Overnight cultures, inoculated from a single colony, are used to inoculate the 
expression culture of the desired volume (25 mis to several liters) at an OD550 of 0.1 . The 
20 expression culture was then grown at the desired temperature (e.g., 25*C, 30°C, 37*C) 

until an OD550 of 0.4 was reached, after which IPTG was added. Expression was allowed 
to continue for 3 hours to overnight. Protein expression was monitored by pNB activity 
assay as described in Example 1 . Usually, expression from the T7 system gives a high 
titer of protein, sufficient for further analysis such as crystallography. 
25 Bacillus species are well-known as suitable hosts for expression of extracellular 

proteins (e.g., proteases). Intracellular expression of proteins is less well known. 
Expression of the perhydrolase protein intracellularly in Bacillus subtilis can be done 
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using a variety of promoters, including, but not limited to pVeg, pSPAC, pAprE, or 
pAmyE in the absence of a signal sequence on the 5* end of the gene. In some 
embodiments, expression is achieved from a replicating plasmid (high or low copy 
number), while in alternative embodiments, expression is achieved by integrating the 
5 desired construct into the chromosome. Integration can be done at any locus, including 
but not limited to the aprE> amyE, or pps locus. In some embodiments, the perhydrolase 
is expressed from one or more copies of the integrated construct In alternative 
embodiments, multiple integrated copies are obtained by the integration of a construct 
capable of amplification (e.g., linked to an antibiotic cassette and flanked by direct repeat 

1 0 sequences), or by ligation of multiple copies and subsequent integration into the 

chromosome. In some embodiments, expression of the perhydrolase with either the 
replicating plasmid or the integrated construct is monitored using the pNB activity assay 
(described herein) in an appropriate culture. 

As with Bacillus, in some embodiments, expression of the perhydrolase in the 

1 5 Gram-positive host Streptomyces is done using a replicating plasmid, while in other 
embodiments, expression of the perhydrolase is accomplished via integration of the 
vector into the Streptomyces chromosome. Any promoter capable of being recognized in 
Streptomyces finds use in driving transcription of the perhydrolase gene (eg., glucose 
isomerase promoter, A4 promoter). Replicating plasmids, either shuttle vectors or 
20 Streptomyces only, also find use in the present invention for expression (e.g:, pSECGT). 

Structure of M* smegmatis Perhydrolase 

The crystal structure of the M. smegmatis perhydrolase was determined to 2.2 
Angstroms. The structure confirmed findings with gel filtration sizing columns, that 
25 indicated this enzyme is an octamer. The structure of the monomer places the enzyme in 
the class known as SGNH-hydrolases (See e.g., Molgaard etal., Structure 8: 373-383 
[2000]). The active site residues were identified as SI 1-D192-H195, based on 
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homology, confirming the identification of the catalytic triad based on loss of activity in 
the SI 1 A, D192A, and H195A mutations described above. Figure 3 provides schematics 
showing the structure of the M smegmatis perhydrolase, as well as other serine 
hydrolases. As indicated, this enzyme has a different structure than the enzymes shown 
5 here (chymotrypsin, subtilisin, and ct/p hydrolase). Indeed, the structural analysis of the 
perhydrolases of the present invention indicates that this group of enzymes has a different 
form and active site than do these other enzymes. A schematic diagram of the structure 
of the monomer is illustrated in Figure 4. The structures of four other enzymes in the 
SGNH-hydrolase family have been solved, namely Aspergillus aculeatus 

10 rhamnogalucturonan acetylesterase (RGAE), Bos taurus platelet activating factor (PAF- 
AH(lb)a), Streptomyces scabies esterase (SsEst) and the thioesterase/Protease 
I/Phospholipase Li (TAP or Tes) from E. colu Very little sequence or functional 
homology is present in these enzymes. Basically, the sequence identity is reserved for the 
residues involved in the active site and those defining the family. While the overall 

15 folding of the enzymes is similar {See e.g., Molgaard et aL, supra [2000], for overlaying 
of structures), there are structural differences. For example, there is a loop covering the 
active site in SsEst, compared to RGAE and TAP which have active sites that are surface- 
exposed. The M smegmatis perhydrolase has an active site that is somewhat buried. The 
binding residues of the M smegmatis perhydrolase were identified as Cys7, AsplO, 

20 Serl 1, Leul2, ThrB, Tipl4, Trpl6, Pro24, Thr25, Leu53, SerS4, Ala55, Thr64, Asp65, 
Arg67, Cys77, Thr91 5 Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, 
Trpl49, Phel50, Ilel53, Phel54, Thrl59, Thrl86, Hel92, Ilel94, and Phel96. These 
sites were derived from direct observation and by modeling studies to model substrate 
binding to the enzyme, using methods known in the art. 

25 As indicated above, the M. smegmatis perhydrolase was found to be an octamer in 

the crystalline state. However, it is contemplated to be either a hexamer or octamer in 
solution. The octamer is seen to be a tetramer of dimers, two molecules are much more 
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closely and extensively interacting and these are termed the "act transferase" dimers. 
Several of the conserved sites are found along this dimer interface. For example, residues 
Trp 14, Arg 27, Arg 56, His 81 and Pro 83, were found to be conserved in natural isolates 
that have perhydrolase activity and are contemplated to be critical in forming the 
5 interface. In addition one other residue, Glu 5 1 , which is conserved in all but one of the 
natural isolates (and in that case it is a homologous enzyme) was identified. 

One additional feature of interest in that in the natural isolates showing 
perhydrolase activity, all share an insertion of residues 69-81. This region forms a loop 
that is at the dimer interface. Without this loop, it is believed that much of the dimer 

10 interface would be lost and it is likely that dimers and subsequent aggregation would not 
occur. Thus, there is a correlation of the insertion with the structural aggregation 
particularly dimer formations and the appearance of perhydrolase activity. However, it is 
not intended that the present invention be limited to any particular mechanisms. 
Key residues were found to be associated with desired activity in selected 

15 homologs. Indeed, there are several conserved residues that are contemplated to have . 

importance for acyltransferase activity. These include Leu 6, Trp 14, Arg 27, Trp 34, Asp 
62, Leu74, Leu 78 His 81 , Pro83, Met 90, Lys 97, and Leu 1 14. 

In additional analyses, the association of the perhydrolase with carbamate was 
investigated. The native octamer was determined in space group P4 with unit cell 

20 dimensions: 

a- 98.184 b= 98.184 and c= 230.119 a=90.00 p=90.00 y=90.00, this crystal diffracted 
to about 2.0 A. The carbamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=67.754,b=80.096, and c=85.974 a=104.10° , p=l 12.10°, andy=97.40° 
and these crystals diffract to a resolution exceeding 1 .0 A. 
25 The carbamate was bound in a manner to exploit the interactions between the keto 

oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Ser 1 1 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
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hydrophobic surface of the binding site out into the surface opening between pairs of 
dinners in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent to the side chain of 
ser 54. Mutating the serine side to valine increased the hydrophobicity, and also served 
5 as. a gatekeeper to prevent hydrophilic nucleophiles (e.g., water) for competing with 

desired deacylating nucleophiles. The residues surrounding the carbamate moiety on the 
same and neighboring molecules forming the extended entry are expected to influence the 
selection of the optimal de-acylating nucleophile. The structure showed that each 
monomer was inhibited with carbamate covalently attached. Thus, all octamer active 
10 sites were found to be active and functional. The side chain of carbamate resembles the 
leaving groups of the substrates tested. Thus, the carbamate moiety indicates the access 
direction for substrate. 

M. smegmatis Perhydrolase is an SGNH-Hydrolase 

1 5 The perhydrolase of the present invention has certain components that indicate it 

is in the SGNH-hydrolase family of enzymes. This family is defined by having the four 
conserved amino acids SGN and H in four blocks, similar to the blocks that describe the 
lipolytic family of enzymes (See, Upton and Buckley, supra). In the case of the Af. 
smegmatis perhydrolase, these correspond to SI 1, G52, N94 and HI 95 which correspond 

20 to Blocks I n, III and V according to Upton and Buckley (Upton and Buckley, supra) and 
Molgaard et al. (Molgaard et ah, supra). These amino acids are also conserved within the 
closest sequence homologs of the perhydrolase. 

As indicated herein, the sequences were aligned using the Alignment program in 
Vector NTi (Informax, Invitrogen) In the following alignment providing a comparison 

25 of homolog sequences, the double underline indicates the residues involved in the active 
site. AR: Agrobacterium rhizogenes Q9KWA6; RR: Rhizobium rhizogenes NF006; SM: 
Sinorhizobium meliloti RSM02162; MS: Mycobacterium smegmatis Act; MP: 
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Mycobacterium parafortuitum Phd partial sequence; PD: Prosthecobacter dejohgeii 
RVM04532. The amino acids within the blocks defining the SGNH-hydrolase family are 
indicated in bold letters. 


5 Block I Block II 

GDS G 

AR(1> MABSRSILCFGDSLTWGWI PVPESSP TIJlYPFEQRiiTGAMAAALGDGYSIIEEQLSARTTSVED — FN 

RR(1) MAESRSILCFGDSLTWGWI PVPESSP TLRYPP^RWTG7W4AAAI^DGYSIIEEGL£ARTTSVED-PN 

RM 1 1) K^NSHSWRTUIVEKRSVLCFGDSLTWGWIPVKESSP TIJlYPYEQRWTGAMAARIiGDGYHI I EEGLSARTTS LDD— PN 

10 SMU) MVBKRSVLCFGDSLTWGWI PVKESSP TI^YPYEQRWTGAMAARIX^YHIIBEGI^ARTTSLDD-PN 

MS (1) MAKRI LCFGDSLTWGWVPVEDGAP TERPATOVRMTGVLRQOUl^FBVIEEGLSARTTNIDD-PT 

MP GTRRILSFGDSLTWGWIPVEEGVP TERFPRDVRWTGVIJU)LIiGDRTEVIE£GLSARTrrAEI>— PA 

PDll) MKTIUTFOTSNTWGYDPASMTAPFPRRHGPEVRWT^^ -PL 

15 Block III 

GxND 


AR (67) DPRLNGSAYLPMALASHLPLDLVI ILLGTJW/rKS V FRRTPYEIANGMGiaj«^3VLTSAGGIGTPYPAPKLLrVSPPPL^ 

RR<67) DPPJCJTOSAYLPMAIASHLPLDLVIII^ 

RM{78) BAIU^STYI»PMAtASHLPIJ>LVIIMI/roOT 

20 SM(67) DARLNGSTTXPMftlASHLPl^VlIMLCnTOm^ 

MS (65) DPMJJGASYLPSCLATHLPLOI.VIIMLGfri^^ 

MP (65) DPMJlGSOYIJ>SCIASHLPIJ)I,VlLMUnMmCA^ 

PD { 65 ) NICRKGKIJYLPACLESHKPLDLVTL 

25 Block V 

DGIHF 

AR(l47) MPDPWFEGMFGGGYEKSLELAKQYKAIJVHFLKVDFLlDA ^ ID NO: 14) 

RR (147) HPDPWFEGMFGGGYEKSLELAKQYKALiANFLKVDFLDA^ (SBQ ID NO: IS) 


RM ( 15 8 ) MPDPWFEGMTOGGYEKSKELSGLYKAIjADFMKVEFF [ SEQ NO: 16) 

30 SM(147) MPDPHFEGMFC^YBKSKEI,SGIiYKAIJU)FMKVEPPAAGDCI (SEQ ID NO: 17) 

MS (145) MPHPWFQLI FEGGEQKTTELARVYSALASFMKVPFFnAGSVI STDGVgG IgPTEANNRDLGVALAEQVRSLL (SEQ ID NO: 18) 

MP 145) LPHPWFDDWSGGREKTAEI^VYSAlJ^FMKVPFTDAGSVISTDGVgGI --(SBQ ID NO: 19) 

PDU44) SAMPDLDAKI PHGAARSAEFPRHYKAQAVAI»KCEYPNSQEI VETS PVgSIJJL^ (SEQ* ID NO: 20) . 


35 The primers used to identify homologs for each of the Blocks indicated above are 

provided below: 

Block I (forward 5 -3) 

1 e: acggtcctgtgctttggngaytcnyt (SEQ ID NO:2 1 ) 
40 1 f: acggtcctgtgctttggngayagyyt (SEQ ID NO:22) 
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Iff gcggtcctgttctwnggngaytcnyt (SEQIDNO:23) 

lh: gcggtcctgttctwnggngayagyyt (SEQIDNO:24) 

li: gctcgaaccgtcctctgttttggngaytcnyt (SEQIDNO:25) 

lj: gctcgaaccgtcctctgttttggngayagyyt (SEQIDNO:26) 

Ik: gctcgaaccgtcctctgtttnggngaytc (SEQ ID NO:27) 

1 1: gctcgaaccgtcctctgttttggngaytcnytn (SEQ ID NO:28) 

1 m: gctcgaaccgtcctctgttttggngaytcnytg (SEQ ID NO:29) 

1A: gccaagcgaattctgtgtttcggngaytcnyt (SEQIDNO:30) 

IB: gccaagcgaattctgtgtttcggngayagyyt (SEQIDNO:31) 


Block m (reverse 5'-3) 

3c: attccgcgcttcagrtcrttavtncc (SEQIDNO:32) 

3d: attccgcgcttcagrtcrttnwgncc (SEQ ID NO:33) 

3e: attccgcgcttcagrtcrttnscncc (SEQ ID NO:34) 

1 5 3f: attccgcgcttcagrtcrttnrancc (SEQ ED NO:35) 

3k: attccgcgcttcagrtcrttnrtncc (SEQ ID NO:36) 

31: attccgcgcttcagrtcrttnytncc (SEQ ID NO:37) 

3m: attccgcgcttcagrtcrttasgncc (SEQ ID NO:38) 

3n: attccgcgcttcagrtcrttnwcncc (SEQ ID NO:39) 

20 3o: attccgegcttcagrtaltnyancc(SEQIDNO:40) 

3p: attccgcgcttgrsrtcrttnrtncc (SEQ ID NO:41 ) 

3q: attccgcgcttgrsrtcrttnytncc (SEQ ID NO:42) 

3r attccgcgcttgrsrtcrttnsgncc (SEQ ID NO:43) 

3 s: attccgcgcttgrsrtcrttnwcnnn (SEQ ED NO:44) 

25 3t: attccgcgcttgrsrtcrttnyancc (SEQ ID NO:45) 

3 A: gcgccggaagtaggccttggtrtcrttnvtncc (SEQ ED NO:46) 

3B: gcgccggaagtaggccttggtrtcrttnwgncc (SEQ ID NO:47) 

3C: gcgccggaagtaggccttggtrtcrttnscncc (SEQ ID NO:48) 

3D: gcgccggaagtaggccttggtrtcrttnrancc (SEQ ED NO:49) 

30 

Block in (forward 5 '-3) 

3g: cggaattatcatgctgggnabnaayga (SEQ ID NO:50) 

3h: cggaattatcatgctgggncwnaayga (SEQ ID NO:5 1 ) 

3i: cggaattatcatgctgggngsnaayga (SEQ ID NO:52) 

35 3j: cggaattatcatgctgggntynaayga (SEQ ID NO:53) 

3u: ccggaattatcatgctnggnabnaayga (SEQ ID NO:54) 

3v: ccggaattatcatgctnggncwnaayga (SEQ ID NO:55) 

3w: ccggaattatcatgctnggngsnaayga (SEQ ID NO:56) 

3x: ccggaattatcatgctnggntynaayga (SEQ ID NO:57) 
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Block V (reverse 5'-3) 

5c: acccttagcgtttggrtgnrtnccrtc (SEQ ID NO:58) 

5d: atccttagcgtttggrtgnavnccrtc (SEQ ID NO:59) 

5 5e: aatcttagccgtgrrrtgnrtnccrtc (SEQ ID NO:60) 

5f: aatcttagccgtgnrtgnrcnccrtc (SEQ ID NO:61) 

5g: aatcttagccgtgrrrtgntrnccrtc (SEQ ID NO:62) 

5h: ccgctggtcctcatctggrtgnrtnccrtc (SEQ ID NO:63) 

5i: ccgctggtcctcatctggrtgnrcnccrtc (SEQ ID NO:64) 

10 5j: ccgctggtcctcatctggrtgntrnccrtc (SEQ ID NO:65) 

5k: ccgctggtcctcatcraartgnrtncc (SEQ ID NO:66) 

5A: cgattgttcgcctcgtgtgaartgnrtnccrtc (SEQ ID NO:67) 

5B: cgattgttcgcctcgtgtgaartgnrcnccrtc (SEQ ID NO:68) 

5C: cgattgttcgcctcgtgtgaartgntrnccrtc (SEQ ID NO:69) 

15 


As described in greater detail herein, the sequence and structure results are 
supported by the activity data that indicate the perhydrolase enzymes of the present 
20 invention differ from lipolytic enzymes known in the art. 


Identification of Homologs 

As well known in the art, proteins with a desired activity may be identified in 
several ways, including but not limited to: 1) searching available databases for proteins 
25 with sequence homology (30-100%); 2) screening environmental isolates for the desired 
activity; and 3) examining type strains from ATCC of the genus identified to have 
activities (e.g., Mycobactenum and Corynebacterium, as described herein in particular 
embodiments). 

By doing a standard protein-protein BLAST search, several homologs were 
30 identified from fully or partially sequenced genomes. From the known gene sequence, 
several homologs were amplified by PCR from the chromosome of the parent organism 
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and cloned into a pET expression vector, essentially as described for the cloning of phd 
from At smegmatis into pETl 6b. Homologues identified by this BLAST search 
included: Agrobacterium rhizogenes Q9KWA6, A rhizogenes Q9KWB1 A. tumefaciens 
Q8UFG4, A. tumefaciens Q8UAC0 (now AgrL, identical to 7-ACA arylesterase), A 
5 tumefaciens Q9ZJ09, A. tumefaciens (radiobacter)ACA, Prosthecobacter. dejongeii 
RVM04532 , Rhizobium. loti Q98MY5 , K meliloti Q92XZ1, K meliloti Q9EV56, K 
rhizogenes NF006, K rhizogenes NF00602875, R. solanacerarum Q8XQI0, 
Sinorhizobium meliloti RSM02162, S. meliloti RSM05666, Mesorhizobium loti 
RMLO00301, A. rhizogenes Q9KWA6, and A. rhizogenes Q9KWB1. 
1 0 Based on these results, a homology tree of proteins with sequence homology (20- 

80%) to At smegmatis perhydrolase was generated. As shown in Figure 2, an enzyme in 
the family of lipolytic enzymes described by Upton and Buckley (supra) is that of V. 
mimicus. This phylogenetic tree was generated using the alignment program in Vector 
NTi (Informax, Invitrogen). The green arrow indicates At smegmatis perhydrolase, the 
1 5 red arrow indicates A. radiobacter 7-ACA arylesterase, the blue arrow indicates R coli 
TAP, and the black arrow indicates A. aculeatus RGAE. 

As further indicated in Figure 2, the perhydrolase is not closely related to this 
enzyme. The perhydrolase and its closest relatives, Prosthecobacter dejongeii 
RVM04532, R. rhizogenes NF006, A, rhizogenes Q9KWA6, R. meliloti Q92XZ1, & 
20 meliloti RSM02162, A. rhizogenes Q9KWB1 and R. rhizogenes NF00602875 come off 
their own branch (i.e., a branch that is different from the 7-ACA arylesterase-like proteins 
and the RGAE/TAP-Iike proteins). However, it is contemplated that some additional, 
more distantly related homologs will find use in the present invention due to perhydrolase 
activity or will serve as a suitable backbone for modification to the desired perhydrolase 
25 activity. 

In addition to the sequence and homology analysis, environmental isolates were 
grown on a rich medium (N-MISO; g/1: glucose 10 g, yeast extract 10 g, KNO3 1.5, 
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KH2PO4 3.4 g, NaH 2 PO 4 .Ifc0 3.4 g, Salt Solution C 10 ml [Salt Solution C: gfl: 
MgS047H 2 0 25, FeS0 4 7H 2 0 2.8, MnS0 4 H 2 0 1.7, NaCl 0.6, NaMoS0 4 .2H20, 
ZnS04.7H 2 0 0.06, in 0.1N HQ]), assayed and those positive for the transesterification 
reaction were purified as described in the Examples. This is one of the screening 
5 methods that can be used to identify perhydrolase These data show that the present 

invention finds use in identification of additional enzymes with the desired perhydrolase 
activity. 


1 0 Additional Investigations of Homologues 

In addition to the above analyses, an enzyme library of novel "GDSL-type" 
esterases which are homologous to the prototype M. smegmatis perhydrolase was created. 
In order to identify new "GDSL"-type esterases, a sequence homology based screening 
procedure was established and used to screen libraries set up from complex metagenomic 
15 DNA (at BRAIN). 

An enzyme library comprising 19 "GDSL"-type esterases {See, below) was 
developed. The sequences in this library were: 

S248_M2bBll (DNA) 

20 ATGTTCGCGCTTTGCACGGCCGCGTCAGCGGCCCCCGATCGCACCGTCGTCTT 
TTTTGGGGACAGCCTGACCGCGGGGTACGGCCTCGATGACCCGCAGACCCAG 
TCCTACCCGGCCAGGATCCAGGAGAAGGTCGACGCCGCGGGCCTGCGCTGGA 
AGGTCGTGAATGCCGGCCTCTCGGGCGAGACGAGCGCCGGCGGCCTGCGGCG 
GGTCGACTGGGTGCTCGGCCAGCACATCGACGCCTTTGTCCTGGCGCTTGGCG 

25 CCAACGATGGCCTGCGGGGGATCGACCCCCAGGTCACGAGGGCCAATCTCCA 
GGAGATCATCAACCGGGTCCGCTCCCGGTGGCCCCGCGCGGCGATCGTCATC 
GCCGGGATGAAAATGCCCCAGAGCATGGGACAGGACTACGCCGCGAATTTTG 
ACCGGATCTTCCCCGGTCTCGCCGCGAGGAATTCGGCCACGCTCATCCCCTTT 
CTATTAGAAGGGGTCGCCGCCCATCCTAGCCTCAACCAAGGCGACGGCATCC 

30 ACCCGACGGCCGCCGGGGACGCACTCGTTGCAGGGACCGTGTGGACGTACCT 
GCTTCCGATCCTGCGGTCAGCACACTAA (SEQ ID NO:70) 
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S248_M2bBl 1 (Amino Acid) 

MFALCTAASAAPDRTVVFFGDSLTAGYGLDDPQTQSYPARIQEKVDAAGLRWK 
VWAGI^GETSAGGLRRVDWVLGQHIDAFVLALGANDGLJlGIDPQVTRANLQEn 
>fRVRSRWPRAAIVIAGMKMPQSMGQDYAANFDRIFPGIJURNSATLIPFLLEGV 
5 AAHPSLNQGDGIHPTAAGDALVAGTVWTYLLPILRSAH (SEQE>NO:71) 


S248_M40cD4(DNA) 

ATGCGCTTTGCTAAGCTCACTGCCGTCATCTTTGCCCTGATAGTCTTGCACAG 
1 0 CCCCCTTGCCGCCGCCGCGCCGCCCACCGTGATGGTGTTTGGCGACAGTCTGA 
CCGCCGGGTTGGGATTGCCGGCCGATGCTGCATTTCCGGCGCAGCTCCAGGC 
AAAGCTGCACGATATGGGTATCCTGCAGAAATCGCCGCGCGCGCCACCTCGG 
GGCAAACGACGGCCGGCGGGTTGGCGAGCCTTGCGGATGCGCTGGCCGCAA 
AGCCGGATTTGGTGATCCTCGAACTCGGCGCCAATGACATGCTGCGCGCGGT 
1 5 CGATCCGGCCAGCGTGCGCGCCAATCTCGATGCAATGATGACGAAAATCCAG 
GCGAGCGGCGCTAAACTGCTGCTGACCGGAATGCAGGCGGCGCCCAATTGGG 
GCGAGGACTATAAGCACGATTTCGACCGCCTTTATCCCGAGCTTGCGAAGGC 
GCACGGGGTGACGCTTTATCCATTCTTTCTTGATGGGGTGGCGCTGGACCCGG 
CGCTGAACCAGGCGGATGGAATGCACCCGAACGCCAAGGGGGTCGCCGTGA 
20 TCGTCGACCGTATCGCGCCCGTCGTCGCCAAGATGCTGAGAGGCCAGTCATA 
A (SEQIDNO:72) 

S248_M40cD4 (Amino Acid) 

MRFAKLTAVIFALIVLHSPLAAAAPPTVMVFGDSLTAGLGLPADAAFPAQLQAKL 
25 HDMGIPAEIAARATSGQTTAGGLASLADALAAKPDLVILELGANDMLRAVDPAS 
VRAMJ5AMMTKIQASGAKLIXTGMQAAPNWGEDYKHDFDRLYPEIAKAHGVT 
LYPFFLDGVALDPALNQADGMHPNAKGVAVIVDR1APWAKMLRGQS (SEQ ID 
NO:73) 

30 

S248_M44aA5 (DNA) 

ATGATCGCATGGCTTACCGGATGCGGCAGCGCAAAGACGCAACCGCAGCCCG 

CAAGTTCCATCCCGCCATCCAGTATTCCAGCAACCGCAAAACCTGCGACAAC 

GGATATCAGACCGATCATCGTTGCTTTCGGCGACAGCCTGACTGCAGGATAC 

35 GGCGTCAGTAGTGAACAAAGCTATCCGGCCAATCTTCAACGCGATCTGGATG 
CGCGTGGATATCATGCCCACGTCATCAACGAAGGCATCAGCGGCAACACATC 
GAAAGACGGCGTTCTCAGGGCCCAGGCGATTGCGGCACTCCATCCGGCTGTC 
GTCATCGTTGCCTTCGGCGGCAACGACGGTCTGCGTGGCCTCCCCATCGGAG 
ACACGGAAATGAATCTGGCAACGATCATCTCAACCATGCAGCATGCCCATGC 

40 CAAGGTAATTTTAGGCGGAATTACTTTGCCTCCCAACTATGGCAGCGAATAC 
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ATCGCCAAATTCAATGCGATCTATAAAAAGCAGGCAGCCGCGTATCATGTGC 
CCCTGCTGCCCTTCATGCTGAAGGGGGTGTATGGCGTGCCCGGTTCCATGCAG 
AGCGACGGCATCCATCCGACCGCCAAGGGCTGCCAGCAAGTGGCCAGAAACT 
TCCTGCCCITGTTATTGCCGCTCCTGCACAAATCAGGGAAGAAATCCATGGAG 
5 TCGAAAGCATTGTCTCGACGTCATTAA (SEQIDNO:74) 


S248_M44aA5 (Amino Acid) 

MIAWLTGCGSAKTQPQPASSIPPSSIPATAKPATTDIRPIIVAFGDSLTAGYGVSSEQ 
10 SYPANLQRDI^ARGYHAHVmEGISG>rrSKDGVLRAQAIAALHPAVVIVAFGGN 
IX3LRGmGDTEMNIATnSTMQHAHAKVimGrnj»PNYGSEYIAKFN 

AAYHWLLPFMLKGVYGWGSMQSDGIHPTAKGCQQVARNFIJ'LLLPLLHKSGK 
KSMESKALSRRH (SEQIDNO:75) 

15 

S261_M2aA12 (DNA) 

ATGAAAAACATCCTTGCATTTGGCGACAGTCTGACCTGGGGTTTTGTGGCCGG 
ACAGGATGCGCGCCATCCGTTTGAAACCCGCTGGCCAAACGCATTGGCGGCC 

20 GGCCTTGGGGGCAAAGCCCGCGTAATTGAAGAGGGTCAGAACGGCCGCACT 
ACGGTGTTCGACGATGCXXK^CACCriTCGAATCTCGAAATGGCTCXjGTGGCATT 
GCCGCTGCTACTGATCAGCCACCAGCCGTTGGACCTGGTAATCATCATGCTCG 
GCACCAATGACATCAAGTTTGCCGCCCGCTGCCGCGCCITFGATGCTTCAATG 
GGCATGGAACGGCTGATCCAGATCGTCAGAAGTGCCAACTACATGAAGGGCT 

25 ACAAGATACCTGAAATCCTCATCATATCGCCGCCCAGCCTCGTGCCGACGCA 
GGATGAATGGTTCAACGACCTCTGGGGCCATGCCATCGCCGAGTCAAAACTC 
TTCGCCAAGCACTACAAGCGCGTGGCCGAAGAACTGAAAGTGCATTTCTTTG 
ATGCAGGCACGGTGGCCGTCGCCGACAAGACCGACGGCGGACATCTCGATGC 
TGTGAATACTAAAGCCATTGGCGTCGCATTGGTGCCGGTGGTGAAATCAATA 

30 CTCGCTCTCTAA (SEQIDNO:76) 


S261_M2aA12 (Amino Acid) 

MKNILAFGDSLTWGFVAGQDARHPFETRWPNALAAGLGGKARVIEEGQNGRTT 
35 VFDDAATFESRNGSVALPLLLISHQPLDLVIIMLGThroiKFAARCPvAFDASMGMER 
LIQrVRSANYMKGYKIPEILnSPPSLVPTQDEWFNDLWGHAIAESKLFAKHYKRVA 
EEIJCVHFFDAGWAVADKTDGGHLDAVNTKAIGVALVPVVKSILAL (SEOID 
NO:77) 
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S279_M70aE8 (DNA) 

ATGCCGAAAATAGCCAAACTCGCGCCGTCGGATGTGATCGTAGCTTTCGGCG 
ACAGTCTGACGTTCGGCACCGGCGCAACGGAAGCGGAGAGTTATCCCATCGT 
GCTCGCACAATTGATCGGTCGCACCGTGGTGCGCGCGGGTGTGCCGGGTGAG 
5 GTAACCGAAGGCGGGCTTGCGCGCCTGACCGACGTTATCGAAGAACACAAGC 
CGAAGCTGATTATTGTTTGCCTGGGCGGCAACGACATGCTGCGCAAGGTCCA 
GGAAGACCAGACCCGCGCCAATTTGCGCGCCATTATTAAAACCATCAAGGCG 
CAAGGCATCGCCGTGGTACTGGTCGGTGTGCCGAAGCCCGCGCTGGTGACCA 
GTGCGCCGCCGTTCTACGAGGAGATCGCCAAAGAGTTCGGTATCCCTTACGA 
1 0 AGGCAAGATTGTTACCGACGTGTTGTACCAACGCGATCAGAAATCCGATTCC 
ATACATCCCAATGCCAAAGGCTATCGGCGCATGGCCGAAGCGATAGCCACGC 
TGCTGAAAAAATCCGGAGCCATTTAA (SEQIDNO:78) 


1 5 S279:M70aE8 (Amino Acid) 

MPKIAKLAJ>SDVIVAFGDSL'ITGTGATEAESYPIVLAQLIGRT\rVTlAGWGEVTEG 
GLARLTDVIEEHKPKIJUTVCLGGNDMLRKVQ 

GWKPALVTSAPPFYEEIAKEFGIPYEGKIVTDVLYQRDQKSDSIHPNAKGYRRMA 
EAIATLLKKSGAI (SEQIDNO:79) 


20 


S279_M75bA2 (DNA) 

ATGGAACGGACCGGCCGCGCTGGCGATCGGTGTCGGCGTGGGGCTGGCGAGC 

25 CTGAGCCCGGTCGCGCTGGCGACGCCGCCGCGGGGCACCGTGCCGGTGTTCA 
CCCGATCGGGGACAGCCTGACGGACGAGTATTTTGAGCCGTTCTTCCAGTGG 
GGGTTCTGCGGGAAGTCGTGGGCCGAGATTTTGGTGGAGACGGGGCGGGCGA 
GCATGGGCCCGACGGCGCAGCAGGCGGGGATCAGCGAGCCGGAGGGATGGT 
CGGATCCGCGGAACACGGGGTATCAGCACAACTGGGCGCGGTACTCGTGGAG 

30 CTCCTCAGACGCGCTGACCGAGGAGTCGCCGGGGGCGACGCTGAGCGTGCTG 
CTTGGGGCGGAGTACGCGGTGGTGTTCATTGGGACCAACGACTTCAATCCGT 
CGTGGCCGGCGTATCAGAGCGTGTATCTGAGCCAGTGGAGCGACGAGCAGAT 
CGACACGTACGTGAACGGGGTGGTGCAGAACATCGCGCAGATGGTGGACTCG 
CTGAAGTCGGTCGGGGCGAAGGTGGTGCTTGCGCCGCCGGTGGATnTCAGT 

35 TCGCGGGGTTCCTGCGGAACTCATGCCCGGATCCGATGCTGCGCGAGCAGGC 
GGGTATTCTGACACGGAAGTGCCACGACCGGGTGCGGTCGATGGCGCGGCAG 
AAGCACGTGGTGTTCGTGGACATGTGGCGGCTGAACCGCGATTTGTTCGGCA 
ACGGGTTCGCGATCAGCTACGGCCTTCGGAACACGGTGCGCGTGGGGGACTC 
GGAGATCGGGCTGCAACTGGCCGGGCTGACGGGATCGGCGGGGCTGGTTCCG 

40 GACGGGATCCATCCGCAGCGGGTGGTGCAGGGGATCTGGGCGAATGCGTTCA 
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TCGTGGGTCTGAACGCGCATGGGGCGAACATCGCGCCCATCGGCGAGGCGGA 
GATGTGCGCGATGGGGGGGGTCGTGTACGGGGGAACGGACACGCTGGCGAA 
CTTCCTGCCGCCGGTCGCGGGCTACGTGGAGGACTTCCGCAACGCGGGGGAC 
TTCGTGTGCACGGCGGACTTCAACCATGACCTTGGCGTGACGCCGACGGACA 
5 TCTTCGCGTTCATCAACGCGTGGTTCATGAATGATCCCTCGGCGCGGATGAGC 
AACCCGGAGCACACGCAGATCGAGGACATCTTCGTGTTTCTGAATCTGTGGC 
TGGTGGGGTGCTAA (SEQ ID NO:80) 


10 S279_M75bA2 (Amino Acid) 

MERTGRAGDRCRRGAGEPEPGRAGDAAAGHRAGVHPIGDSLTDEYFEPFFQWG 
FCGKSWAEILVETGRASMGPTAQQAGISEPEGWSDPRNTGYQHNWARYSWSSS 
DALTEESPGATLSVLLGAEYAVVnGTNDFNPSWPAYQSVYLSQWSDEQIDTYVN 
GWQNIAQMVDSLKSVGAKWLAPPVDFQFAGFLRNSCPDPMLREQAGILTRKC 

15 HDRVRSMARQKF{VVFVDMWRLNRDLFGNGFAISYGLRNTVRVGDSEIGLQLAG 
LTGSAGLVPDGIHPQRWQGIWANAFIVGLNAHGANIAPIGEAEMCAMGGVVYG 
GTDTIANFLPPVAGYVEDFRNAGDFVCTADFNHDIX3VTPTOIF 
SARMSNPEHTQEEDIFVFLNLWLVGC (SEQIDNO:81) 

20 

M091_M4aEl 1 (DNA) 

ATGAAGACCATTCTCGCCTATGGCGACAGCCTGACCTATGGGGCCAACCCGA 
TCCCGGGCGGGCCGCGGCATGCCTATGAGGATCGCTGGCCCACGGCGCTGGA 

25 GCAGGGGCTGGGCGGCAAGGCGCGGGTGATTGCCGAGGGGCTGGGTGGTCG 
CACCACGGTGCATGACGACTGGTTTGCGAATGCGGACAGGAACGGTGCGCGG 
GTGCTGCCGACGCTGCTCGAGAGCCATTCGCCGCTCGACCTGATCGTCATCAT 
GCTCGGCACCAACGACATCAAGCCGCATCACGGGCGGACGGCCGGCGAGGC 
CGGGCGGGGCATGGCGCGGCTGGTGCAGATCATCCGCGGGCACTATGCCGGC 

30 CGCATGCAGGACGAGCCGCAGATCATCCTCGTGTCGCCGCCGCCGATCATCC 
TCGGCGACTGGGCGGACATGATGGACCATTTCGGCCCGCACGAAGCGATCGC 
CACCTCGGTGGATTTCGCTCGCGAGTACAAGAAGCGGGCCGACGAGCAGAAG 
GTGCATTTCTTCGACGCCGGCACGGTGGCGACGACCAGCAAGGCCGATGGCA 
TCCACCTCGACCCGGCCAATACGCGCGCCATCGGGGCAGGGCTGGTGCCGGT 

35 GGTGAAGCAGGTGCTCGGCCTGTAA (SEQIDNO:82) 


M091_M4aEl 1 (Amino Acid) 

MKTH^YGDSLTYGANPIPGGPRHAYEDRWPTALEQGLGGKARVIAEGLGGRTT 
40 VHDDWFANADRNGARVLPTLLESHSPIJ)LIVIMLGTNDIKPHHGRTAGEAGRGM 
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ARLVQIIRGHYAGRMQDEPQIILVSPPPIILGDWADMMDHFGPHEAIATSVDFARE 

YKKRADEQKVHFFDAGTVATTSKADGIHLDPANTRAIGAGLVPLVKQVLGL 

(SEQIDNO:83) 

5 

Estl05 (DNA) 

ATGCGCACGCITCACCGAAGCCTGCTCGCAAGCGCGGCCGCGCTTTTTCTAGC 
GGCATCCGGCAACGCAACGGCGCAGTTCTCGAACGTCTATTTCTTCGGCGAC 

10 AGCCTGACCGACGCGGGTTCCTTCAAGCCTGTGCTGCCTCCTGGTACAGGATT 
ATTCACGACGAATCCCGGCCCGGTATGGCCGCAGGTATTCGGGGCGAACTAC 
GGCGTCGCGGTGACGCCCGCAAACCAGGGTGGGACCGATTATGCGCAGGGTG 
GCGCGCGCGTGACGAGCCTGCCTGGCGTTCCGACGTCGCAGCCGACCGGCAG 
CGCGGTACCGATCGCTACGCAGATTTCGCAGTTCCTCGGCTCGGGTCCGGCG 

15 GATCCGAACGCATTCTATTCGGTGTGGGGCGGCGCGAACGACATCTTTTTCCA 
GCTGGGGTTGGCGCAGGCGGGCATGGCGACGCCGGCGCAGGTCCAGTCGGCC 
GTCGGCTTGGCCGCGGTCCAGCTGGCGCAGGCAACTGCGGCGCTCAACGCCA 
GCGGCGCGCGATTCATCACGGTTATCAACGTGCCGGACATCGGTAAAACGCXJ 
GTTCGGCGTCGGCTCCGGTCAAGGAGCGCAGATCACCGCrCTGTCGTCTTTCT 

20 TCAACAGCACGCTGTTCGGCGCGCTCGACGCCACGGGCATCCAGACGATGCG 
CGTGAACGGGTTCGCGGTGCTGAACGAGGTGGTCGCGGACCCGGCGGCTTAT 
GGCTTCGCGAATGCATCAACGCCAGCGTGCGGGGCCACGCCATCGCTCGTCT 
GCACGTCGGCGAACTTCGTCACGCCCTTGGCCGCGCAGACCTTCCTCTTCGCA 
GACGGCGTTCACCCCACCACGGCCGGGCACGCCCTCATCGCCCAAGCGGTCC 

25 AGGCGATGATCACCGGTCCCCAACAGATGGCGGCGTTGGGCGACGCCCCGCT 
CGCCGTCGAGCAGGCCAACTTCCGCGCGCTCGACAACCGCATGTGGTCGAGC 
CTCAATGCGCCGCGCAGCCCGGGCAAGCTCCAGGGTTGGGCGGCCTACGACT 
ACAGCCACACGGACCTGCAGGCGGGACCGACCAATGGCAGCGGACACATGA 
ACACCGTTGCGGTCGGGGTCGACATGAAAGTCTCCGATCATATGCTCGCCGG 

30 CGCGATGTTCGGCTATACCAACACCAAGGGCGACTTCGGCGGCCCCGGCGGC 
GGATACACACTGAAGCAGCCTGTGGGCACTGCCTATGCGGGTTACGGCGTGG 
GCCCTTGGTATGTCGGCGCGACGCTCGGCACAGGTGGCCTCGACTACTCGGA 
CGTCACGCGCGCCATCCCGCTTGGCTTGGCGGTTCGCACCGAGAGCGCCGAG 
GCCCGAGGCTACGAGTTCACGGGCCGGATCCTCGGCGGCTACTGGTTCACGA 

35 TGCGCGACCTGATGCACGGGCCGTACGCGCGTCTCGCGTGGACGAAGGCCGT 
CGTCAAGCGGTTTTCCGAGGAGAGCACCGACAGCACGGCGTTGAACTACGAC 
AGGCAGGAGCGCAAGCAACTGCTGTGGAGCCTCGGATGGCAACTCGCCGGC 
AACGTCGGCAGCATCCGTCCCTACGCGCGGGCGACCTGGGAGATCGACTCCA 
AGGATCAGGACCGCAGCGTTGGCGCATCGTCGGTCACGCTGGGCGGCTTTTA 

40 CAGTGTTCCGGTCGCGAAGCCGGACAATAGCTATGCGCTCTTCAGCCTCGGC 
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GCGAGTACCGAGCTCGGGAGCGTCACCGGGTTTGTCGCGGGCTCGGCCACCG 
CAGGCCGGGCGGATGCCAACTATTGGGCGGTCACGGTCGGCCTGCGGATGCC 
GTTGTAG (SEQIDNO:84) 

5 

Estl05 (Amino Acid) 

MRTLHRSLIJVSAAALFI^SGNATAQFSNVYFFGDSLTDAGSFKPVLPPGTGLFT 

TNPGPVWPQVFGANYGVAVTPANQGGTDYAQGGARVTSLPGVPTSQPTGSAVPI 

ATQISQFLGSGPADPNAFYSVWGGANDIFFQLGLAQAGMATPAQVQSAVGLAAV 

1 0 QIJ^QATAALNASGARFITVINVPDIGKTPFGVGSGQGAQITALSSFFNSTLFGALD 
ATGIQTMRVNGFAVLNEWADPAAYGFANASTPACGATPSLVCTSANFVTPLAA 
QTFLFADGVHP'ITAGHALIAQAVQAMITGPQQMAALGDAPLAVEQANFRALDN 
RMWSSLNAPRSPGK1QGWAAYDYSHTDLQAGPTNGSGHMNTVAVGVDMKVS 
DHMIAGAMFGYTNTKGDFGGPGGGYTLKQPVGTAYAGYGVGPWYVGATLGT 

15 GGLDYSDVI'RAIPLGLAVRTESAEARGYEFTGRILGGYWFTMRDLMHGPYARLA 
WTKAVVK11FSEESTDSTALNYDRQERKQLLWSLGWQLAGNVGSIRPYARATWE 
IDSKDQDRSVGASSVTIXJGFYSVPVAKPDNSYALFSLGASTELGSVTGFVAGSAT 
AGRADANYWAVTVGLRMPL (SEQ ID NO:85) 

20 

Estll4 (DNA) 

ATGGGGCGATCGAGAGTTCTGAAGGCTGTTTTCCTGGTGGCGTGCCTTGTGGG 
TCGGCTCGCGGCGCATGCCGAGGCGTCGCCCATCGTGGTCTACGGCGATAGC 

25 CTCTCTGACAACGGCAATCTGTTTGCGCTCACCGGCGGTGTCGCGCCGCCCTC 
GCCGCCGTACITCAACGGACGGTTTTCTAATGGCCCGGTGGCCGTGGAGTATC 
TCGCGGCCGCGCTGGGATCTCCGCTGATCGATTTCGCGGTCGGCGGGGCGAC 
GACCGGCCTCGGCGTCAACGGCGATCCCGGTGGTTCGCCGACGAGTCTCGGC 
GCGGCGGGATTGCCGGGGCTTCAGACGACATTCGCCGCCACGCAAGGCACGC 

30 TGGGTCCGTACGTTGGTGGTCTCTTCGTGGTGTGGGCGGGTCCGAACGACTTC 
TTGTCGCCCTCGCCGCTTGACACGAACGCTTTTCAGATTGCGAACCGGGCCGT 
GTCCAACATCCTCGGCGTGGTGGCATCACTTCAGGCACTCGGCGTCGAGCGC 
ATCCTCGTCCCCGGCATGCCCGATCTCGGTCTGACGCCCGCTCTTCAGCCCAT 
CGCAGGCGCAGCCACCGCGTTCACCGATTTGTTCAACTCGATGCTGCGCGCG 

35 GGCTTGCCGAACGACGTGCTGTACCTGGACACGGCGACAATCTTCCGATCGA 
TCGTGGCAGACCCTGGGGCCTACGGCTTGACCAACGTGACCACGCCGTGCCT 
GATTGGTGCGACCGTCTGCGCGAATCCGGATCAGTACCTGTTCTGGGATGGT 
ATTCATCCTACGACGGCGGGGCACGCGATCTTGGGCAATGCCCTCGTCGCCC 
AGGCAGTCCCCGAGCCCGCGACCATGGTGCTCGTGCTGACGGGTCTGTCCAT 

40 GCACGTGATTGCGCGCCGGCGGCGGGCGTAA (SEQE)NO:86) 
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Estll4 (Amino Acid) 

MGRSRVLKAWLVACLVGRIAAHAEASPIVVYGDSLSDNGNLFALTGGVAPPSP 
PYFNGRFSNGPVAVEYLAAALGSPLIDFAVGGATTGLGVNGDPGGSPTSLGAAGL 
5 PGLQTTFAATQGTLGPYVGGLFVWAGPNDFL^PSPLDTNAPQIANRAVSNILGV 
VASLQAIXSVERILWGMPDLGLTPALQPIAGAATAFroLFNSMIJlAGLPNDVLYL 
DTATIFRSIVADPGAYGLTNVTTPCLrGATVCANPDQYLFWDGIHPTTAGHAILGN 
ALVAQAVPEPATMVLVLTGLSMHVIARRRRA (SEQIDNO:87) 

10 

Sinorhizobium meliloti Smel (SMal993) (DNA) 

ATGACAATCAACAGCCATTCATGGAGGACGTTAATGGTGGAAAAGCGCTCAG 

TACTCTGCnTGGGGATTCGCTGACATGGGGCTGGATTCCGGTGAAGGGATC 

CTCACCGACCTTGCGCTATCCCTATGAACAACGGTGGACCGGCGCAATGGCC 

15 GCGAGGCTTGGCGACGGTTACCACATCATCGAAGAGGGGCTGAGCGCCCGCA 
CCACCAGCCTCGACGACCCCAACGACGCGCGGCTCAACGGCAGCACCTACCT 
CKXCATGGCACTCGCCAGCCACCTCCCACTCGACCTCGTCATCATCATGCTGG 
GCACGAACGACACGAAATCCTATTTCCACCGCACGCCTTACGAGATCGCCAA 
CGGCATGGGCAAGCTAGTCGGCCAGGTGCTGACCTGCGCCGGTGGCGTCGGC 

20 ACGCCATATCCCGCGCCGAAGGTGCITGTCGTCGCTCCGCCGCCGCTCGCGCC 
GATGCCCGACCCGTGGTTCGAAGGCATGTTCGGCGGCGGCTACGAGAAGTCG 
AAGGAACTCTCCGGCCTCTACAAGGCGCTTGCCGATTTCATGAAGGTCGAGT 
TTTTCGCCGCCGGTGATTGCATTTCCACCGATGGGATCGACGGCATTCACCTC 
TCGGCGGAAACCAACATCAGACTCGGGCACGCGATCGCGGACAAAGTTGCG 

25 GCGTTGTTC (SEQIDNO:88) 


Sinorhizobium meliloti Smel (SMal993) (Amino Acid) 

MTINSHSWRTIMVEKRSVLCFGDSLTWGWIPVKGSSPTLRYPYEQRWTGAMAA 
30 RLGDGYHDEEGLSAJITTSLDDPNDARLNGSTYLPMALASHLPLDLVIIMLGTNDT 
KSYFHRTPYEIANGMGKLVGQVLTCAGGVGTPYPAPKVLVVAPPPLAPMPDPWF 
EGMFGGGYEKSKEI^GLYKAIADFMKVEFFAAGDCISTDGIDGIHLSAETNERLG 
HAIADKVAALF (SEQIDNO:89) 

35 

Sinorhizobium meliloti Smell (Q92XZ1) (DNA) 

ATGGAGGAGACAGTGGCACGGACCGTTCTATGCTTCGGAGATTCCAACACTC 
ACGGCCAGGTACCTGGCCGCGGACCGCTTGATCGCTACCGACGCGAACAGCG 
CTGGGGCGGTGTTCTGCAAGGCCTGCTCGGCCCGAACTGGCAGGTTATCGAA 
40 GAAGGCCTGAGCGGACGCACGACCGTGCATGACGATCCGATCGAAGGTTCGC 
TCAAGAACGGCCGGACCTATCTGCGCCCCTGTCTGCAGAGCCATGCACCACT 
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CGACCTTATCATCATTATGCTCGGCACCAATGACCTGAAGCGGCGCTTCAACA 
TGCCACCGTCCGAGGTCGCAATGGGCATCGGCTGTCTCGTGCACGATATCCG 
AGAACTCTCGCCCGGCCGGACCGGCAACGATCCCGAAATCATGATCGTCGCC 
CCGCCGCCGATGCTGGAAGATCTCAAGGAATGGGAGTCGATTTTCTCAGGCG 
5 CACAGGAAAAATCTCGCAAGCTGGCGCTGGAGTTCGAGATAATGGCGGATTC 
TCTGGAGGCGCATTTCTTCGACGCCGGTACGGTCTGCCAGTGTTCGCCGGCCG 
ATGGCTTCCACATCGACGAGGATGCCCACCGCCTGCTCGGCGAGGCTCTCGC 
CCAGGAAGTGCTGGCGATCGGGTGGCCCGATGCGTAA (SEQ ID NO:90) 

10 Sinorhizobium meliloti Smell (Q92XZ1) (Amino Acid) 

MEETVARTVLCFGDSNTHGQVPGRGPLDRYRREQRWGGVLQGLLGPNWQVIEE 
GLSGRTTVHDDPIEGSLKNGRTYLRPCLQSHAPLDLIIIMLGTNDLKRRFNMPPSE 
VAMGIGCLVHDIRELSPGRTGNDPEIMP/APPPMLEDLKEWESIFSGAQEKSRKLA 
LEFEIMADSLEAHFFDAGTVCQCSPADGFHIDEDAHRLLGEALAQEVLAIGWPDA 

15 (SEQIDNO:91) 


Sinorhizobium meliloti Smeffl (Q9EV56) (DNA) 

20 ATGAAGACAGTCCTTTGCTACGGTGACAGTCTGACCTGGGGATACGATGCAA 
CCGGTTCCGGCCGGCATGCGCTGGAGGACCGTTGGCCGAGCGTGCTGCAGAA 
GGCGCTCGGTTCGGACGCGCATGTCATCGCGGAAGGGCTGAACGGGCGGACG 
ACCGCCTATGACGACCATCTCGCCGATTGCGACCGGAACGGCGCGCGTGTCC 
TCCCGACGGTCCTGCACACCCACGCGCCACTCGATCTCATCGTGTTCATGCTC 

25 GGCTCGAACGACATGAAGCCGATCATTCACGGCACCGCTTTCGGCGCGGTGA 
AGGGCATCGAGCGCCTCGTCAATCTGGTGCGCAGGCACGACTGGCCGACGGA 
AACGGAGGAGGGGCCCGAGATTCTCATCGTCTCGCCGCCGCCGCTCTGCGAG 
ACGGCCAACAGCGCCTTTGCCGCCATGTTCGCGGGCGGGGTCGAGCAATCCG 
CAATGCTGGCGCCGCITrATCGCGATCTCGCCGACGAGCTCGACTGCGGCTTC 

30 TTCGACGGCGGATCGGTGGCCAGGACGACGCCGATCGACGGTGTCCACCTCG 
ACGCGGAGAACACCCGGGCGGTCGGCAGAGGGTTGGAGCCTGTCGTGCGGA 
TGATGCTCGGGCTTTAA (SEQIDNO:92) 


35 Sinorhizobium meliloti SmelH (Q9EV56) (Amino Acid) 

MKTVLCYGDSLTWGYDATGSGRHALEDRWPSVLQKALGSDAHVIAEGLNGRTT 
AYDDHLADCDRNGARVLPTVLHTHAPLDLrVFMLGSNDMKPIIIIGTAFGAVKGIE 
RLWLVRRHDWPTETEEGPEILrVSPPPLCETANSAFAAMFAGGVEQSAMLAPLY 
RDLADELDCGFFDGGSVARTTPIDGVHLDAENTRAVGRGLEPWRMMLGL 

40 (SEQK>NO:93) 
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Agrobacterium tumefaciens Atu HI (AAD02335) (DNA) 

ATGGTGAAGTCGGTCCTCTGCTTTGGCGATTCCCTCACCTGGGGATCAAATGC 
5 GGAAACGGGTGGCCGGCACAGCCATGACGATCTTTGGCCGAGCGTCTTGCAG 
AAGGCGCTCGGTCCTGACGTGCATGTGATTCACGAAGGTCTGGGTGGTCGCA 
CCACCGCCTATGACGACAACACCGCCGATTGCGACCGCAACGGCGCGCGGGT 
TCTTCCGACGTTGTTGCACAGCCATGCGCCGCTGGATCTGGTGATTGTCATGC 
TCGGGACCAACGACCTGAAGCCGTCAATCCATGGATCGGCGATCGTTGCCAT 

10 GAAGGGTGTCGAAAGGCTGGTGAAGCTCACGCGCAACCACATCTGGCAGGTG 
CCGGACTGGGAGGCGCCTGACGTGCTGATCGTCGCACCGCCGCAGCTGTGTG 
AAACGGCCAATCCGTTCATGGGCGCGATCTTTCGTGATGCGATCGATGAATC 
GGCGATGCTGGCGTCCGTTTACCGGGACCTTGCCGACGAGCTTGATTGCGGCT 
TTTTCGATGCGGGTTCGGTCGCCCGAACGACGCCGGTGGATGGCGTTCATCTC 

1 5 GATGCTGAAAATACGCGGGCCATCGGGCGGGGGCTGGAGCCCGTCGTTCGCA 
TGATGCTCGGACTTTAA (SEQ ID NO:94) 


Agrobacterium tumefaciens Atu III (AAD02335) (Amino Acid) 
20 MVKSVLCFGDSLTWGSNAETGGRHSHDDLWPSVLQKALGPDVHVIHEGLGGRT 
TAYDDNTADCDRNGARVLPTLLHSHAPLDLVIVMLGTNDLKPSIHGSAIVAMKG 
VERLVK1TRNHIWQVPDWEAPDVLIVAPPQLCETANPFMGAIFRDAIDESAMLAS 
VYRDLADELDCGFFDAGSVARTTPVDGVHLDAEN'niAIGRGLEPVVRMMLGL 
(SEQK>NO:95) 


Mesorhizobium loti Mlo I (Q98MY5) (DNA) 

ATGAAGACGGTGCTTTGCTACGGCGACTCGCTGACCTGGGGCTACAATGCCG 
30 AAGGCGGCCGCCATGCGCTGGAAGACCGCTGGCCGAGCGTGCTGCAAGCAG 
CGTTAGGCGCCGGCGTGCAAGTGATTGCCGATGGCCTCAACGGCCGCACCAC 
GGCCTTCGACGATCATCTGGCCGGTGCTGATCGCAACGGCGCCAGGCTGCTG 
CCGACGGTCCTGACGACGCACGCGCCGATCGACCTGATCATCTTCATGCTCG 
GCGCCAACGACATGAAGCCTTGGATCCACGGCAATCCGGTCGCAGCCAAGCA 
35 AGGCATCCAGCGGTTGATCGACATCGTGCGTGGTCACGACTACCCGTTCGAC 
TGGCCGGCGCCGCAGATCCTGATCGTCGCGCCGCCTGTAGTCAGCCGCACCG 
AAAATGCCGACTTCAAGGAAATGTTCGCCGGTGGCGATGACGCCTCGAAGTT 
TTTGGCACCGCAATATGCCGCGCTCGCCGACGAAGCCGGCTGTGGCTTCTTCG 
ACGCCGGCAGCGTGGCCCAAACCACACCGCTCGATGGCGTTCACCTCGATGC 
40 CGAAAACACGCGAGAAATCGGCAAGGCGCTGACGCCGATCGTGCGCGTCAT 
GCTGGAATTGTAA (SEQ ID NO:96) 
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Mesorhizobium loti Mlo I (Q98MY5) (Amino Acid) 

MKTVLCYGDSLTWGYNAEGGRHALEDRWPSVLQAALGAGVQVIADGLNGRTT 
5 AFDDH^GADRNGARIXPTVLTTHAPmLIIFMLGANDMKPWfflGNPVAAKQGIQ 
RLIDIVRGHDYPFDWPAPQILIVAPPWSRTENADFKEMFAGGDDASKFLAPQYA 
AIADEAGCGFFDAGSVAQTTPLDGVHLDAENTREIGKALTPIVRVMLEL (SEQ ID 
NO:97) 

10 

Moraxella bovis Mbo (AAK53448) (DNA) 

ATGAAAAAATCCGCCTTTGCCAAATACTCAGCACTTGCCCTAATGGTTGGGAT 
GTGCCTGCACACCGCTTACGCCAAGGAGTITAGCCAAGTCATCATTTTTGGGG 
ACAGCTTGTCCGATACAGGTCGCCTAAAAGATATGGTCGCCCGAAAAGATGG 

1 5 CACCCTTGGCAACACCITACAGCCATCITTTACCACCAACCCCGACCCTGTAT 
GGTCAAGCITATTTGCCCAAAGTTATGGCAAAACCGCCAGTCCCAACACGCC 
TGACAATCCCACTGGCACTAACTATGCCGTGGGCGGAGCTCGCTCTGGCTCG 
GAGGTCAATTGGAATGGTTTTGTGAATGTACCCTCCACCAAAACGCAAATCA 
CCGACCATTTGACCGCCACAGGTGGCAAAGCCGACCCTAATACCCTGTATGC 

20 CATTTGGATTGGCTCTAATGACTTAATTTCAGCTTCTCAAGCCACCACAACAG 
CCGAAGCCCAAAACGCCATTAAAGGTGCGGTAACTCGCACCGTGATAGACAT 
CGAAACACTCAATCAAGCAGGGGCGACAACCATTTTGGTGCCAAATGTGCCT 
GATTTGAGCCTCACGCCCCGAGCCATCTATGGCGAAAGCCTCATGGCAGGCG 
TGCAAGACAAAGCCAAACTCGCCTCAAGTCTGTATAATAGCGGTCTGTTTGA 

25 AGCATTAAATCAATCCACCGCCAACATCATCCCTGCCAACACCTTTGCCCTAC 
TCCAAGAAGCGACCACAAATAAAGAAGCCTTTGGTTTTAAAAACACGCAAGG 
CGTGGCGTGTCAAATGCCCGCTCGTACCACAGGGGCGGATGATGTGGCTTCT 
ACITCCITGGCATGTACCAAAGCCAATCTTATAGAAAACGGGGCAAATGACA 
CCTACGCCTTTGCCGATGACATTCACCCATCGGGACGCACGCACCGCATTTTG 

30 GCACAGTATTACCGTTCTATCATGGACGCCCCTACTCACATGGGTAAACTCTC 
AGGCGAGCTTGTCAAAACAGGTTCAGCCCACGACCGTCATGTTTACCGTCAG 
CTTGACAGGCTTAGTGGCTCACAGCACAGCATTTGGGCAAACGTCTATGCCA 
GCGACCGTACCGACCCCACCACCCAAATCGGCTTGGACGTGGCAGGTTCATC 
AAGCCATACAGGGGCGTATCTGAGCCACCAAAACCAAGATTATGTGCTGGAT 

35 GACACCCTATCATCAGATGTCAAAACCATTGGCATGGGGCTGTATCATCGCC 
ATGACATCGGCAATGTCCGTCTAAAAGGCGTGGCAGGTATCGACCGACTTAG 
CGTGGATACGCACCGCCATATCGACTGGGAGGGGACAAGCCGTTCGCACACC 
GCAGATACCACCGCCAGACGTTTTCATGCAGGGCTACAAGCCAGCTATGGCA 
TAGACATGGGCAAAGCCACCGTGCGTCCGCTTATCGGCGTAGATGCCCAAAA 

40 AGTCAAAGTAAATGACATGACCGAGAGCGAATCAACTTTATCCACCGCCATG 
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CGTTTTGGCGAGCAAGAACAAAAGTCCCTACAAGGCGAGATTGGCGTCGATG 
TGGCTTATCCGATTAGCCCTGCTTTGACTCTGACGGGCGGTATCGCTCACGCT 
CATGAGTTTAACGATGATGAACGCACCATTAATGCCACTTTAACCTCCATTCG 
TGAATACACGAAGGGCTTTAATACAAGCGTTAGCACCGACAAATCTCACGCC 
5 ACCACCGCTCATCTGGGCGTACAAGGGCAACTTGGCAAGGCAAATATTCATG 
CAGGCGTTCACGCCACCCACCAAGACAGCGATACAGACGTGGGTGGTTCGCT 
TGGGGTTCGCTTGATGTTTTAA (SEQIDNO:98) 

Moraxella bovis Mbo (AAK53448) (Amino Acid) 

1 0 MKKSAFAKYSALALMVGMCLHTAYAKEFSQVIIFGDSLSDTGRLKDMVARKDG 
TLGNTLQPSFITNffDPWSSLFAQSYGKTASP>nPDNPTGTNYAVGGARSGSEVN 
WNGFVNWSmTQITDHLTATGGKADPNTLYAIWIGSNDLISASQATTTAEAQNA 
IKGAVTRTVTOIETLNQAGATmWNWDLSLTPRAr^GESLMAGVQDKAKLASS 
LYNSGLFEALNQSTANIIPANTFALLQEATTMCEAFGFKNTQGVACQMPARTTGA 

15 DDVASTSIACTKANLIENGANDTYAFADDIHPSGRTHRIIAQYYRSIMDAPTHMG 
KLSGELVKTGSAHDRHVYRQLDRLSGSQHSIWANVYASDRTDPTTQIGLDVAGS 
SSHTGAYI^HQNQDYVLDDTI^SDVKTIGMGLYHRHDIGKV^aJCGVAGIDRLSV 
DTHRHIDWEGTSRSHTADTTARRFHAGLQASYGIDMGKATVRPLIGVHAQKVKV 
NDMTESESTLSTAMRFGEQEQKSLQGEIGVDVAYPISPALTLTGGIAIIAHEFNDD 

20 ERTINATLTSIREYTKGFNTSVSTDKSFLATTAFILGVQGQLGKAN1HAGVHATHQD 
SDTDVGGSLGVRLMF (SEQK>NO:99) 


Chromobacterium violaceum Cvi (Q7NRP5) (DNA) 

25 ATGCGCTCTATCGTCTGCAAAATGCTGTTCCCrTrGTTGCTGCTGTGGCAGCT 
GCCCGCCCTGGCCGCCACCGTGCTGGTGTTCGGCGACAGCCTGTCCGCCGGC 
TACGGCCTGGCCCCGGGCCAGGGATGGGCGGCGCTGCTGGCGCGCGACCTCT 
CGCCCCGGCACAAGGTGGTCAACGCCAGCGTGTCCGGCGAAACCAGCGCCGG 
CGGCCTGTCCAGGCTGCCCGACGCGCTCGCCCGCCACCAGCCCGACGTGCTG 

30 GTGCTGGAACTCGGCGCCAACGATGGCCTGCGCGGCCTGCCGATGGCTGACA 
TGAGGCGCAACCTGCAGCGGATGATAGACCTGGCCCAGGCGCGCAAGGCCA 
AGGTGCTGCTGGTGGGCATGGCGCTGCCACCCAACTATGGCCCCCGCTACGG 
CGCCGAGTTCCGCGCCGTTTATGACGATTTGGCCCGCCGCAACCGCCTGGCCT 
ACGTGCCGCTGCTGGTCGAGGGCITCGCCGGCGACCTCGGCGCCrTCCAGCC 

35 CGACGGCCTGCATCCCCGCGCGGAGAAGCAGGCCACCATGATGCGCACGGTC 
AAGGCAAAACTGCCAGTGAAATAA (SEQ ID NO: 100) 


Chromobacterium violaceum Cvi (Q7NRP5) (Amino Acid) 
40 MRSWCKMLFPLLLLWQIJAI^TVLWGDSI^AGYGI^GQGWAALLARDLSP 
RHKVVNASVSGETSAGGI^RLPDALARHQPDVI.VLELGANDGLRGLPMADMRR 
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NLQRMIDLAQAIUCAKVLLVGM^PPNYGPRYGAEFRAVYDDLARRNRLAYVPL 
LVEGFAGDIJ3AFQPDGLHPRAEKQATMMRTVKAKLPVK (SEQ ID NO:101) 


5 

Vibrio vulnificus Vvu (AA007232) (DNA) 

ATGTTTTTCCTTTCTAGCGTCGCACACGCAACCGAGAAAGTGTTAATTCTTGG 
CGACAGCCTAAGTGCAGGATACAACATGTCTGCAGAGCAGGCTTGGCCTAAT 
TTGTTACCAGAAGCATTGAATACATACGGAAAAAACGTAGAAGTGATCAACG 

1 0 CCAGTATCTCTGGAGACACAACCGGCAATGGACTATCTCGTCTGCCTGAGTTG 
TTAAAAACGCACTCACCAGACTGGGTGCITATTGAGTTGGGTGCCAATGATG 
GCTTGCGAGGTTTCCCGCATAAAGTGATCTCTTCAAACCTTTCGCGAATGATT 
CAACTCAGTAAAGCCTCAGACGCTAAAGTCGCATTGATGCAAATTCGTGTAC 
CGCCTAACTATGGCAAGCGCTACACCGATGCATTTGTCGAACTCTACCCTACG 

1 5 CTTGCTGAACATCACCAAGTCCCGTTGCTCCCCirrriCIlAGAGGAAGTGAT 
CGTGAAACCGGAATGGATGATGCCTGATGGCTTACACCCAATGCCCGAAGCT 
CAGCCTTGGATCGCTCAATTTGTTGCAAAAACGTTTTACAAACATCTCTAA 
(SEQIDNO:102) 

20 

Vibrio vulnificus Vvu (AA007232) (Amino Acid) 

MFFLSSVAHATEKVLILGDSl^AGYNMSAEQAWPNLLPEALNTYGKNVEVINASI 
SGDTTGNGI^RLPELLKTHSPDWVLIELGANDGLRGFPHKVISSNLSRMIQLSKAS 
DAKVALMQIRWPNYGKRYTDAFV^LYPTLAEHHQWLLPFFLEEVIVKPEWMM 
25 PDGLHPMPEAQPWIAQFVAKTFYKHL (SEQ ID NO: 103) 


Ralstonia eutropha Reu (ZP00166901) (DNA) 

ATGCCATTGACCGCGCCGTCTGAAGTCGATCCGCTGCAAATCCTGGTCTATGC 
30 CGATTCGCnTTCGTGGGGCATCGTGCCCGGCACCCGCCGGCGGCrrTCCCTTCC 
CGGTTCGCTGGCCAGGCCGGCTCGAACTCGGCCTGAACGCCGACGGCGGCGC 
CCCGGTeCGCATCATCGAGGACTGCCTGAACGGCCGGCGCACCGTCTGGGAC 
GACCCATTCAAACCGGGCCGCAACGGCTTGCAAGGGCrGGCGCAGCGCATCG 
AGATCCATTCCCCGGTGGCGCTCGTGGTTTTGATGCTGGGCAACAACGATTTC 
35 CAGTCCATGCATCCGCACAACGCCTGGCATGCGGCACAGGGCGTCGGCGCGC 
TGGTCCACGCCATCCGGACGGCGCCGATCGAACCGGGAATGCCGGTGCCGCC 
GATCCTGGTGGTGGTGCCGCCGCCGATCCGCACGCCCTGCGGGCCGCTCGCG 
CCCAAGTTCGCCGGCGGCGAACACAAGTGGGCAGGCCTGCCCGAGGCGCTGC 
GCGAACTGTGCGCCACTGTCGACTGCTCGCTGTTCGATGCGGGTACCGTGATC 
40 CAGAGCAGTGCCGTCGACGGCGTACACCTTGACGCCGATGCCCATGTCGCCC 
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TGGGCGATGCCCTGCAACCGGTCGTTCGTGCGCTGCTCGCCGAATCCTCGGG 
ACATCCCTCCTAA (SEQIDNO:104) 


5 Ralstonia eutrophaRea (ZP00166901) (Amino Acid) 

MPLTAPSEVDPLQILVYADSLSWGIVPGTRRRLPFPVRWPGRLELGLNADGGAPV 
RIIEDCLNGRRTVWDDPFKPGRNGLQGI^QRIEIHSPVALWIJVlLGNNDFQSMHP 
HNAWHAAQGVGALVHAIRTAPIEPGMPWPILVVVPPPIRTPCGPLAPKFAGGEH 
KWAGLPEALRELCATVDCSLFDAGTVIQSSAVDGVHLDADAHVALGDALQPVV 
10 RALLAESSGHPS (SEQIDNO:105) 


Salmonella typhimurium Stm (AAC38796) (DNA) 

15 ATGACCCAAAAGCGTACCCTGCTAAAATACGGCATACTCTCGCTGGCGCTGG 
CCGCGCCATTATCTGCCTGTGCGTITGACTCTCTTACGGTGATTGGCGATAGC 
CTTAGCGATACCGGTAATAACGGTCGCTGGACCTGGGATAGTGGTCAAAATA 
AGCTCTACGACGAACAGTTGGCCGAACGATATGGGCTGGAATTAAGCCCTTC 
CAGCAATGGCGGCTCTAATTATGCCGCCGGCGGCGCGACGGCGACCGCGGAA 

20 TTAAACCCGCAGGATAATACCGCGGATCAGGTACGGCAGTGGCTTGCCAAAA 
CGGGGGGAAAAGCCGACCACAACGGTTTGTATATTCACTGGGTCGGCGGAAA 
CGATCTGGCGGCGGCCATCGCGCAACCAACCATGGCACAGCAAATAGCCGGT 
AATAGCGCCACTAGCGCGGCGGCGCAGGTAGGGCTGTTACTGGATGCCGGCG 
CCGGGCTGGTCGTGGTGCCAAACGTACCGGATATTAGTGCGACGCCAATGCT 

25 TCTGGAGGCGGTAATCACCGCTGGGCTGGGCGCAGCGGCGCCCCCGGCGCTA 
AAAGCGGCGTTAGATGCGCTGGCGGAGGGCGCTACGCCCGATTTCGCCAGTC 
GGCAACAGGCGATCCGCAAGGCGCTGCTGGCGGCGGCTGCAACGGTAAGCA 
GCAATCCATTTATTCAGCAACTGCTCGTTGAACAACTGCTGGCGGGCTATGAA 
GCGGCGGCAGGGCAGGCGTCAGCTCTGACCGATTATTATAATCAGATGGAAG 

30 AGAAGGGGCTGGAGCAACACGGCGGCAATATAGCCCGTGCCGATATCAACG 
GCCTCTTTAAGGAAATTCTrGCCAACCCGCAGGCGTTTGGTCTGACAAATACC 
GTAGGTATGGCCTGCCCGCCTGGCGTATCCGCTTCGGCGTGCTCCTCGGCAAT 
GCCTGGATTTAATGCGTCGCAGGACTATGTGTTTGCCGATCATTTACATCCCG 
GTCCGCAGGTCCATAGCATTATTGCGCAATATATTCAGTCGATCATTGCCGCG 

35 CCGGTACAGGCGACATACCTGAACCAAAGCGTTCAGTCGATGGCGCAAGGCA 
GTCGTACCACGCTTGACAGCCGTTATCAGCAGCTTCGCCAGGGGGAAAATCC 
TGTTGGTTCGCTGGGCATGTTCGGCGGATACAGCGGGGGATATCAACGTTAT 
GATAATAATGAGGCCGACGGGAACGGTAATCATAATAATCTGACGGTTGGCG 
TCGATTATCAGCTTAACGAGCAGGTTCTGCTGGGAGGGCTGATAGCGGGTTCT 

40 CTGGATAAGCAACATCCTGACGATAATTATCGTTATGATGCCCGCGGTTTTCA 
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GGCCGCCGTATTCAGCCATTTACGCGCCGGTCAGGCGTGGCTGGATAGCGAT 
TTACACnTTCTGTCCGCTAAATTCAGTAACATTCAGCGCAGTATAACGCTCGG 
TGCGCTAAGACGGGTGGAAGAGGGCGAAACCAACGGTCGGCTGTCGGGCGC 
GAGCTTAACCAGCGGTTATGATTTTGTCATGGTGCCGTGGTTAACGACCGGAC 
5 CGATGCTGCAATATGCATGGGATTACAGCCACGTTAATGGTTATAGCGAGAA 
GCTCAATACCAGTACATCAATGCGTTTTGGTGACCAAAACGCCCATTCGCAG 
GTGGGTAGCGCGGGTTGGCGTCTGGATCrrCGCCACAGCATCATTCACTCCTG 
GGCGCAGATTAATTATCGCCGTCAGTTTGGCGATGATACGTATGTGGCGAAC 
GGCGGCCTTAAATCGACCGCGCTGACGTTTAGCCGCGACGGAAAAACGCAGG 
10 ATAAAAACTGGGTTGATATCGCGATTGGCGCAGATTTTCCGCTGTCGGCAAC 
GGTGTCCGCTTTCGCCGGGCTGTCGCAAACGGCAGGGTTAAGCGATGGCAAT 
CAAACCCGTTATAACGTTGGGTTTAGCGCCCGATTTTAA (SEQ ID NO:106) 


15 Salmonella typhimurium Stm (AAC38796) (Amino Acid) 

MTQKRTLLKYGD^LALAAPI^ACAFDSLTVIGDSI^DTGNNGRWTWDSGQNKL 
yDEQLAERYGLEI^PSSNGGSNYAAGGATATPELNPQDNTADQVRQWLAKTGG 
KADHNGLYIHWVGGNDLAAAIAQPTMAQQIAGNSATSAAAQVGLLLDAGAGLV 
VWhTWDISATPMLLEAWAGLGAAAPPALKAALDALAEGATPDFASRQQAIRK 

20 ALLAAAATVSSNPFIQQLLVEQLLAGYEAAAGQASALTDYYNQMEEKGLEQHG 
GNIARADINGLFKEIlj\NPQAFGLTNTVGMACPPGVSASACSSAMPGFNASQDYV 
FADHUffGPQVHTnAQYIQSIIAAPVQATYIJ^QSVQSMAQGSRTrLDSRYO^ 
GENPVGSLGMFGGYSGGYQRYDNNEAJX3NGNHNNLTVGVDYQLNEQVLLGGLI 
AGSLDKQHPDDNYRYDARGFQAAVFSHLRAGQAWLDSDLHFLSAKFSNIQRSrr 

25 LGAUIRVEEGETNGRLSGASLTSGYDFVMWWLTTGPMLQYAWDYSHVNGYSE 
KXNTSTSMRFGDQNAHSQVGSAGWRLDLRHSnHSWAQINYRRQFGDDTYVAN 
GGLKSTALTFSRDGKTQDKNWVDIAIGADFPLSATVSAFAGLSQTAGLSDGNQTR 
YNVGFSARF (SEQ ID NO: 107) 


30 

In total, nine of the new "GDSL"-type esterases were identified in 6 metagenomic 
libraries and BRAIN's esterase/lipase library. Eight of these genes were heterologously 
expressed in E. coli and the resulting enzymes analyzed for activity in the assays 
described herein. The characterization of these enzymes for perhydrolase activity 
35 revealed that one displayed the desired activity. A second one was predicted to show this 
activity due to the presence of amino acids conserved among this group of enzymes. 
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Comparison of the sequences of enzymes for which the presence or absence of the 
desired perhydrolase activity was determined led to the identification of 19 amino acid 
positions which were conserved among the enzymes which displayed the desired 
perhydrolase activity. Thus, it is contemplated that these conserved amino acids are 
5 essential for the perhydrolase reaction and/or is a structural feature of perhydrolase 
enzymes. 

One of the identified structural motifs ("G/ARTT") conserved among esterases 
with the desired perhydrolase activity was used to design degenerate primers which 
provided the means to focus the screening on true perhydrolases among "GDSI/Mype 

1 0 esterases. Indeed, the use of these "G/ARTT" primers led to the identification of 

enzymes with the desired perhydrolase activity from the metagenome. However, it is not 
intended that the use of the metagenome be limited to any particular assay method. 
Indeed, it is contemplated that the metagenome be searched by assaying for a particular 
enzyme activity or activities desired {e.g., perhydrolysis and/or acyltransferase (cofector 

1 5 dependent or independent) activity). In addition, screening using poly and/or monoclonal 
anti-sera directed against a protein of interest finds use in the present invention. In 
additional embodiments, the metagenome is searched using degenerate primer sets based 
on the sequence of the protein of interest 

In addition, the knowledge of the structure/function relationship of perhydrolases 

20 allowed searching for these enzymes in genome sequences of cultivable microorganisms. 
Of 16 "GDSL"-type esterases identified in different bacterial isolates, the corresponding 
genes of 10 enzymes were amplified and heterologously expressed in K colu The 
resulting enzyme samples of seven clones wore analyzed using the assays described 
herein. Of five samples characterized to date, 4 enzymes indeed showed the desired 

25 activity and all results confirmed the proposed relationship between primary structural 

determinants and the function of perhydrolases. Thus, an enzyme library of 19 "GDSL"- 
type esterases comprising at least 6 perhydrolases with the desired perhydrolase activity 
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was set up. The identified correlation between the structure and function of perhydrolases 
provides a definition of the sequence space used by enzymes with the desired 
perhydrolase activity. 

Comparisons were made of protein sequences of enzymes for which the absence 
5 or presence of the desired perhydrolase activity. This revealed a correlation between the 
presence of certain amino acids and the capability to perform perhydrolase reactions. 
This knowledge was used to identify enzymes containing these conserved amino acids in 
sequenced genomes from cultivable microorganisms. The following enzymes were 
identified and experiments to amplify the genes from the genomic DNA of the 
10 corresponding strains using specific primers were performed. 


Table 1. "GDSL n -type Esterases with a "GRTT"-Motif From 
Bacterial Isolates 


Isolate 

Protein 
Identifier 

Acronym Amplicon 

Expression 
Vector 

Sinorhizobium 
meliloti 

Smal993 

Smel 

yes 

pLOJSmel 

Sinorhizobium 
meliloti 

Q92XZ1 

Smell 

yes 

pET26_SmeII 

Sinorhizobium 
meliloti 

Q9EV56 

Smeffl 

yes 

pET26_Smeffl 

Agrobacterium 
rhizogenes 

Q9KWB1 

Arhl 

no 


Agrobacterium 
rhizogenes 

Q9KWA6 

ArhH 

no 
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Agrobacterium 
tumefaciens 

AAD02335 

Atuffl 

yes 

pET26_Atuin 

Mesorhizobium loti 

Q98MY5 

Mlol 

yes 

pET26_Mlo 

Mesorhizobium loti 

ZP 00197751 

MloH 

no 

- 

Ralstonia 
solanacearum 

Q8XQI0 

Rso 

no 


Ralstonia eutropha 

ZP_00166901 

Reu 

yes 

n.d. 

Moraxella bovis 

AAK53448 

Mbo 

yes 

pET26_Mbo 

Burkholderia 

ZP_00216984 

Bee 

no 

- 

cepacia 





Chromobacterium 
violaceum 

Q7NRP5 

Cvi 

yes 

pET26_Cvi 

Pirellula sp. 

NP_865746 

Psp 

n.d. 

n.d. 

Vibrio vulnificus 

AA007232 

Vvu 

yes 

pET26_Vvu 

Salmonella 
typhimurium 

AAC38796 

Sty 

yes 

pET26_Sty 


In the cases of A, rhizogenes, M. loti (enzyme II), R. solanacearum and B. cepacia 
no amplicon could be generated. It was thought that this was probably due to genetic 
differences between the strains used in this investigation and those used for the 
5 sequencing of the genes deposited in the public domain databases. One reason might be 
that the corresponding genes are located on plasmids which are not present in the strains 
used in this investigation. However, it is not intended that the present invention be 
limited to any particular mechanism or theory. 
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The amplicons from all other strains were sequenced. In many cases there were 
differences between the sequence from the databases and the sequence determined during 
the development of the present invention. By sequencing two clones from independent 
amplifications, mutations introduced by the polymerase could be nearly excluded. The 
5 sequences of the genes and the deduced amino acid sequences of "GDSL"-type esterases 
with a "GRTT'-motif or variations from bacterial isolates are provided below: 


StAa.l993_Sinorhizobium meliloti (Sme I) (SEQ ID NOS:88 and 89) 
10 Q92XZl_Sinorhizobium meliloti (Sme IT) (SEQ ID NOS:90 and 91) 
(&EV56_Sinorhizobium meliloti (Sme ffl) (SEQ ID NOS:92 and 93) 
AAD02335_Agrobacterium tumefaciens (Atu III) (SEQ ID NOS: 94 and 95) 
Q?SMY5_Mesorhizobium loti (Mlo I) (SEQ ID NOS.96 and 97) 
ZP_00166901 Jtalstonia eutropha (Reu) (SEQ ID NOS:104 and 105) 
1 5 AAK5344&_Moraxella bovis (Mbo) (SEQ ED NOS: 98 and 99) 

Q7NKP5_Chromobacterium violaceum (Cvi) (SEQ ID NOS:100 and 101) 
AA007232_ra>rib vulnificus (Vvu) (SEQ ID NOS:102 and 103) 
AAC3V796_Salmonella typhimurium (Stm) (SEQ ID NOS:106 and 107) 


Q9KWBl._Agrobacterium rhizogenes (Arh I) 

M1CHKGGEEMRSVLCYGDSNTHGQIPGGSPLDRYGPNERWPGVLRRELGSQWY 
VffiEGLSGRTTWDDPIEGTMKNGRTYLRPCLMSHAILDLVIIMLGTNDLKARFGQ 
25 PPSEVAMGIGCLWD1RELAPGPGGKPPEIMVVAPPPMLDDIKEWEPIFSGAQEKS 
RRLALEFEIIADSLEVHFFDAATVASCDPCDGFHINREAHEALGTALAREVEAIGW 
R (SEQ ED NO: 108) 

ATGATTTGCCATAAAGGTGGGGAGGAAATGCGGTCAGTCTTATGCTACGGCG 
30 ACTCGAATACGCACGGCCAGATTCCGGGGGGCTCACCGCTCGACCGATACGG 
GCCGAACGAGCGCTGGCCrGGCGTTTTGAGACGGGAGCTTGGAAGCCAGTGG 
TATGTGATCGAGGAGGGCCTGAGTGGCCGCACGACGGTTCGCGACGATCCGA 
TCGAGGGCACGATGAAAAACGGCCGGACCTACCTGCGTCCGTGCCTCATGAG 
CCACGCGATCCTCGATCTCGTGATTATCATGCTCGGGACGAACGACCTGAAA 
35 GCGCGCTTCGGTCAACCGCCATCGGAAGTGGCGATGGGGATCGGCTGCCTCG 
TCTACGATATCAGGGAGCTGGCGCCCGGACCGGGCGGCAAGCCCCCCGAAAT 
CATGGTGGTTGCTCCGCCGCCGATGCTGGACGATATCAAGGAATGGGAACCC 
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ATATTTTCCGGCGCCCAGGAGAAATCCCGGCGTCTCGCGCTTGAGTTTGAAAT 

TATTGCTGATTCGCTTGAAGTACAi^XJrTTGACGCCGCGACCGTCGCATCGT 

GTGATCCITGCGATGGTITTCACATCAACCGGGAAGCGCATGAAGCCTTGGG 

AACAGCGCTTGCCAGGGAAGTGGAGGCGATCGGTTGGAGATGATGA (SEQ ID 
5 NO:109) 


Q9KWA6_Agrobacterium rhizogenes (Arh II) 

MAESRSILCFGDSLTWGWIPVPESSPTLRYPFEQRWTGAMAAALGDGYSnEEGLS 
10 ARTTSVEDPNDPRLNGSAYLPMALASHLPLDLVIILLGTNDTKSYFRRTPYEIANG 
MGKLAGQVLTSAGGIGTPYPAPKLLIVSPPPLAPMPDPWFEGMFGGGYEKSLELA 
KQY1<AI^NFLKVDFLDAGEFYKTOGCDGIHFSAETNITLGHAIAAKVEAIFSQEA 
KNAAA (SEQIDNO:110) 

1 5 ATGGCAGAGAGCCGCTCAATATTATGTTTTGGGGATTCACTCACATGGGGTTG 
GATTCCGGTACCGGAGTCGTCGCCGACGCTCAGATATCX^CTTTGAGCAGCGCT 
GGACCGGTGCAATGGCTGCGGCACTCGGTGACGGCTATTCAATCATCGAGGA 
AGGCCTTTCCGCCCGCACGACCAGCGTCGAGGATCCGAACGATCCCAGGCTG 
AACGGCAGCGCCTACCTGCCGATGGCGCTCGCCAGCCATCTGCCGCTCGATC 

20 TCGTCATCATCCTTCTCGGCACCAACGACACCAAGTCCTATTTCCGCCGCACG 
CCCTATGAGATCGCCAACGGCATGGGCAAGCTTGCCGGACAGGTTCTGACCT 
CGGCCGGCGGGATCGGCACGCCCTACCCTGCCCCGAAGCTTCTGATCGTTTC 
GCCGCCGCCGCTCGCTCCCATGCCTGACCCGTGGTTCGAAGGCATGTTCGGTG 
GCGGTTACGAAAAGTCGCTCGAACTCGCAAAGCAGTACAAGGCGCTCGCCAA 

25 CTTCCTGAAGGTCGACTTCCTCGACGCCGGCGAGTTTGTAAAGACCGACGGC 

TGCGATGGAATCCATTTCTCCGCCGAGACGAACATCACGCTCGGCCATGCGA 

TCGCGGCGAAGGTCGAAGCGATTTTCTCACAAGAGGCGAAGAACGCTGCGGC 
TTAG (SEQEDNOrlll) 

30 

ZP_00197751_Mesorhizobium loti (Mlo II) 

MKTILCYGDSLTWGYDAVGPSRHAYEDRWPSVLQGRLGSSARVIAEGLCGRTl^A 
FDDWVAGADRNGA11ILPTLLATHSPLDLVIVMLGTNDMKSFVCGRAIGAKQGME 
RIVQIIRGQPYSFNYKVPSILLVAPPPLCATENSDFAEIFEGGMAESQKLAPLYAAL 
35 AQQTGCAFFDAGTVARTTPLDGMLDAENTRAIGAGLEPVVRQALGL (SEQ ID 
NO:112) 

ATGAAGACCATCCTTTGTTACGGTGACTCCCTCACTTGGGGCTATGATGCCGT 
CGGACCCATGAAGACCATCCTTTGTTACGGTGACTCCCTCACTTGGGGCTATG 
40 ATGCCGTCGGACCCTCACGGCATGCTTATGAGGATCGATGGCCCTCCGTACTG 
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CAAGGCCGCCTCGGTAGCAGTGCGCGGGTGATCGCCGAGGGGCTTTGCGGCC 
GCACAACTGCGTTTGACGACTGGGTCGCTGGTGCGGACCGGAACGGTGCGCG 
CATCCTGCCGACGCTTCTTGCGACCCATTCACCGCTrGACCTCGTTATCGTCA 
TGCTCGGGACGAACGACATGAAATCGTTCGTTTGCGGGCGCGCTATCGGCGC 
5 CAAGCAGGGGATGGAGCGGATCGTCCAGATCATCCGCGGGCAGCCTTATTCC 
TTCAATTATAAGGTACCGTCGATTCTTCTCGTGGCGCCGCCGCCGCTGTGCGC 
TACCGAAAACAGCGATTTCGCGGAAATTTTTGAAGGTGGCATGGCTGAATCG 
CAAAAGCrCGCGCCGCTTTATGCCGCGCTGGCCCAGCAAACCGGATGCGCCT 
TCTTCGATGCAGGCACTGTGGCCCGCACGACACCGCTCGACGGTATTCACCTC 
10 GATGCTGAAAACACGCGCGCCATTGGTGCCGGCCTGGAGCCGGTGGTCCGCC 
AAGCGCTTGGATTGTGA (SEQIDNO:113) 


15 


20 


Q8XQI0_Ralstonia sotanacearum (Rso) 

MQQILLYSDSLSWGIIPGTRRRLPFAARWAGVMEHALQAQGHAVRIVEDCLNGR 

TIYLDDPARPGRNGIX3GIAQRIEAHAPIALVILMLGTNDFQAIFRHTAQ 

VAQLVRAIRQAPIEPGMPWPVLrVVPPAITAPAGAMADKFADAQPKCAGLAQAY 

RATAQTLGCHWDANSVTPASRVDGEHLDADQHAQLGRAMAOVVGTLLAO 
(SEQIDNO:114) 


ATGCAACAGATCCTGCTCTATTCCGACTCGCTCTCCTGGGGCATCATCCCCGG 
CACCCGCCGGCGCCTGCCGTTCGCCGCCCGCTGGGCCGGGGTCATGGAACAC 
GCGCTGCAGGCGCAAGGGCACGCCGTGCGCATCGTCGAAGACTGCCTCAATG 
GACGCACCACGGTGCTCGACGATCCCGCGCGGCCGGGGCGCAACGGACTGCA 

25 GGGGCTCGCGCAGCGGATCGAAGCGCACGCCCCGCTTGCCCTGGTCATCCTG 
ATGCTCGGCACCAACGACTTCCAGGCGATCTTCCGGCACACCGCCCAGGACG 
CGGCGCAAGGCGTGGCGCAGCTGGTGCGGGCCATCCGCCAGGCGCCGATCGA 
ACCCGGCATGCCGGTGCCGCCCGTGCTGATCGTGGTGCCGCCGGCCATCACC 
GCGCCGGCCGGGGCGATGGCCGACAAGTTTGCCGACGCGCAGCCCAAGTGCG 

30 CCGGCCTTGCGCAGGCCTATCGGGCAACGGCGCAAACGCTAGGCTGCCACGT 
CTTCGATGCGAACAGCGTCACGCCGGCCAGCCGCGTGGACGGCATCCACCTC 
GATGCCGACCAGCATGCGCAGCTGGGCCGGGCGATGGCGCAGGTCGTCGGG 
ACGCTGCTTGCGCAATAA (SEQ ID NO: 1 1 5) 

35 

ZP_00216984 Burkholderia cepacia (Bee) 

ATGACGATGACGCAGAAAACCGTGCTCTGCTACGGCGATTCGAACACGCATG 
GCACACGCCCGATGACGCATGCTGGCGGACTGGGGCGGTTTGCACGCGAAGA 
ACGCTGGACCGGCGTGCTGGCGCAAACGCTCGGTGCGAGCTGGCGGGTCATT 
40 GAAGAAGGGTTGCCCGCGCGTACGACCGTGCATGACGATCCGATCGAAGGCC 
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GGCACAAGAATGGTTTGTCGTATCTGCGCGCGTGCGTCGAAAGCCACTTGCC 
CGTCGATGTCGTCGTGCTGATGCTCGGGACCAACGATCTGAAGACACXjCTTCT 

cggtcacgcccgccgacatcgcgacatcggtcggcgtattgcttgccaagat 
cgctgcgtgcggcgccggtccgtccggtgcgtcaccgaagctcgtgctgatg 
5 gcgcctgcgccgatcgtcgaggtcggattcctcggcgagatctttgcgggcg 
gcgcagcgaagtcgcggcagctcgcgaagcggtacgaacaggtggcaagcg 
atgccggtgcgcactttctcgatgccggcgcgatcgtcgaggtgagcccggt 
ggatggcgttcacttcgcggccgatcagcatcgtgtgctcgggcagcgggtc 
gctgcccttctgcagcagattgcgtaa (seq ed no:l 16) 

10 

MTMTQKTVLCY GDSNTHGTRPMTHAGGLGRFAREERWTGVLAQTLGASWRVI 
EEGLPARTTVHDDPIEGRHKNGI^YLRACVESHIJ'V^ 

TPADIATSVGVLLAKIAACGAGPSGASPKLVIMAPAPIVEVGFXGEIFAGGAAKSR 

QLAKRYEQVASDAGAHFLDAGAIVEVSPVDGVHFAADQHRVLGQRVAALLQQI 
15 A (SEQIDNO:117) 


NP_865746 Pirellula sp (Psp) 
20 MHSIIJYGDSI^WGnPGTRRPJFAFHQRWPGVMEffiLRQTG 
VIJiDPIKPGRNGIJ)GLQQRffiINSPI^LWL^ 
VDAIRRSPFEPGMPTPKJLLVAPPTVHHPKIJDMAAKFQN^ 

TEHSCEFFDAATVTTTSVVDGVHLDQEQHQALGTA1JVSTIAEILADC (SEQ EO 
NO:118) 

25 

ATGCATTCAATCCTCATCTATGGCGATTCTCTCAGTTGGGGAATCATTCCCGG 
CACGCGTCGTCGCTTCGCGTTCCATCAGCGTTGGCCGGGCGTCATGGAGATTG 
AACTGCGACAAACTGGAATCGATGCCCGCGTCATCGAAGACTGCCTCAATGG 
CCGACGAACCGTCTTGGAAGATCCAATCAAACCCGGACGCAATGGCCTGGAT 

30 GGTTTGCAGCAACGGATCGAAATCAATTCACCTCTGTCACTGGTCGTGCrCTT 
TCTGGGGACCAACGATTTCCAGTCCGTCCACGAATTCCATGCCGAGCAATCG 
GCACAAGGACTCGCACTGCTTGTCGACGCCATTCGTCGCTCCCCTTTCGAACC 
AGGAATGCCGACACCGAAAATCCTGCTTGTCGCACCACCGACGGTTCACCAC 
CCGAAACTTGATATGGCGGCGAAGTTCCAAAACGCGGAAACGAAATCGACG 

35 GGACTCGCAGATGCGATTCGCAAGGTCTCAACAGAACACTCCTGCGAATTCT 
TCGATGCGGCCACGGTCACCACAACAAGTGTCGTCGACGGAGTCCATCTCGA 
TCAAGAACAACATCAAGCACTCGGTACCGCACTGGCATCGACAATCGCTGAA 
ATACTAGCAGACTGTTGA (SEQ ID NO:l 19) 

40 
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As indicated above, the above sequences are the protein sequences and the coding 
sequences of "GDSL-type" esterases with a "GRTT'-motif or similar motifs from 
different bacterial isolates. The DNA sequences represent the target-DNA from which 
specific primers were deduced. All amplicons were ligated as Mfel/J^oI-fragments to 
5 pET26 thereby eliminating the /?e/B-Ieader sequence of this vector. All of the "GDSL- 
type" esterases from these isolates were expressed in E. coli Rosetta (DE3) at 28°C. The 
expression was induced by addition of 100 jiM IPTG at an O.D.580 = 1 and the cells were 
harvested 20 h after induction. Only the cells expressing the enzymes from M. bovis and 
S. typhimurium were collected 4 h after induction, since previous experiments had shown 
10 that the highest activity could be obtained at this point of time. Table 2 summarizes the 
expression experiments. 


Table 2: Expression and Characterization of "GDSI/Mype Esterases From 
Bacterial Isolates for Perhydrolase Activity 


Strain 

Enzyme 

Expression 

Solubility 3 

Activity 

Perhydrolase 

GRTT 



Level 2 


4 

Activity 

-Motif 

S. meliloti 

Smel 

4-H- 

+4- 

5770,0 

yes 

ARTT 

S. meliloti 

Smell 

+++ 

+++ 

85,0 

yes 

GRTT 

S. meliloti 

Smem 

+++ 

-K- 

746,5 

n.d. 

GRTT 

A. tumefaciens 

Atuffl 

n.d 5 . 

n.d. 

n.d. 

n.d. 

GRTT 

M loti 

Mlol 


++ 

1187,3 

yes 

GRTT 

M. bovis 1 

Mbo 

+ 

n.d. 

25,2 

yes 

ARTT 

C. violaceum 

Cvi 

+ 

+ 

2422,7 

n.d. 

GETS 

V vulnificus 

Vvu 

n.d. 

n.d. 

n,d. 

n.d. 

GDTT 

K eutropha 

Reu 

n.d. 

n.d. 

n.d. 

n.d. 

GRRT 

S. typhimurium 1 

Sty 

+ 

n.d. 

17,2 

no 

SRTT 


outer membrane localized autotransporter protein 
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expression level: + moderate overexpression; ++ strong overexpression; +++ 
very 

strong overexpression as judged from SDS-PAGE-analysis 
as judged by SDS-PAGE-analysis 
towards /Miitrophenyl butyrate 
not determined 


With the exception of the enzyme from S. typhimurium, all other enzymes tested 
10 showed the desired perhydrolase activity, confirming the correlation between the presence 
of certain conserved amino acids an the capability to perform perhydrolase reactions. 
Although the enzyme from S. typhimurium contains the GRTT-motif, it is different from 
the other enzymes by the location of this motif downstream from block V. In all other 
enzymes, this motif is located between block I and ffl, indicating that it might have a 
15 different function in the enzyme from S. typhimurium. Thus, the absence of perhydrolase 
activity in the enzyme from S. typhimurium also supports the identified 
structure/function-relationship of the perhydrolases provided by the present invention. 

20 Screening of New "GDSL-type" Esterases in Metagenome Libraries 

i) Library S279 

The full-length sequence of the gene from clone M75bA2 was completed, 
as provided below. 

25 


30 


1 tgggcggttt cgcggagtcg agcagggaga gatgctcctg ggtcgtacga gttggtacgg 
9 rf rgv eqg emll grt swy 
61 aggcatcgtt gaagatctca cgcctgcttg aatgcgcgcg gatatggaac ggaccggccg 
99 iv edl tpa - mra dme rtg 
35 121 cgctggcgat cggtgtcggc gtggggctgg cgagcctgag cccggtcgcg ctggcgacgc 
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ragd rcr rga gepe pgr agd 
181 cgccgcgggg caccgtgccg gtgttcaccc gatcggggac agcctgacgg acgagtattt 

5 

aaag hra gvh pi a d a 1 t d e y 
241 tgagccgttc ttccagtggg ggttctgcgg gaagtcgtgg gccgagattt tggtggagac 
10 fepf fqw gfc g k s w aei lve 

301 ggggcgggcg agcatgggcc cgacggcgca gcaggcgggg atcagcgagc cggagggatg 

tgra smg pta qqag ise peg 

15 

361 gtcggatccg cggaacacgg ggtatcagca caactgggcg cggtactcgt ggagctcctc 
wsdp rnt gyq hnwa rys wss 
20 421 agacgcgctg accgaggagt cgccgggggc gacgctgagc gtgctgcttg gggcggagta 

sdal tee spg atls vll gae 
481 cgcggtggtg ttcattggga ccaacgactt caatccgtcg tggccggcgt atcagagcgt 

25 

y a v v f i g t: n d fnps wpa y <2 s 
541 gtatctgagc cagtggagcg acgagcagat cgacacgtac gtgaacgggg tggtgcagaa 
30 vyls qws deq idty vng vvq 

601 catcgcgcag atggtggact cgctgaagtc ggtcggggcg aaggtggtgc ttgcgccgcc 
niaq mvd slk svga k v v lap 

35 

661 ggtggatttt cagttcgcgg ggttcctgcg gaactcatgc ccggatccga tgctgcgcga 
pvdf qfa gfl rnsc pdp mlr 
40 721 gcaggcgggt attctgacac ggaagtgcca cgaccgggtg cggtcgatgg cgcggcagaa 

eqag ilt r k c hdrv rsm a rq 
781 gcacgtggtg ttcgtggaca tgtggcggct gaaccgcgat ttgttcggca acgggttcgc 
khvv fvd mwr Inrd Ifg ngf 


45 
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10 


20 


841 gatcagctac ggccttcgga acacggtgcg cgtgggggac tcggagatcg ggctgcaact 

aisy glr ntv rvgd sei glq 
901 ggccgggctg acgggatcgg cggggctggt tccggacggg atccatccgc agcgggtggt 

lagl tgs agl vp da i h o q r v 
961 gcaggggatc tgggcgaatg cgttcatcgt gggtctgaac gcgcatgggg cgaacatcgc 
vqgi wan afi vgln ahg ani 
1021 gcccatcggc gaggcggaga tgtgcgcgat ggggggggtc gtgtacgggg gaacggacac 
15 apig eae mca mggv vyg gt d 

1081 gctggcgaac ttcctgccgc cggtcgcggg ctacgtggag gacttccgca acgcggggga 

t 1 a n flp pva gyve dfr nag 
1141 cttcgtgtgc acggcggact tcaaccatga ccttggcgtg acgccgacgg acatcttcgc 
dfvc tad fnh dlgv tpt dif 
25 1201 gttcatcaac gcgtggttca tgaatgatcc ctcggcgcgg atgagcaacc cggagcacac 
afin awf mnd psar msn pen 
1261 gcagatcgag gacatcttcg tgtttctgaa tctgtggctg gtggggtgct gaggcagagt 

30 

t q i e dif vfl nlwl vgc - gr 
1321 gggaaggggg tcagcccact tcgcgcgtct ggaagaggat gacggcgacg gagaggaaga 
35 v grgsahfarleeddgdgee 

In the sequence of S279__M75bA2 provided above (DNA, SEQ ID NO:80; and 
amino acid sequence, SEQ ID NO:81), the coding sequence running from position 104 
40 through 1312 is shown on a grey background. Conserved structural motifs are shown 
underlined and in bold. 

The derived amino acid sequence showed the highest homology to a hypothetical 
protein (Y17D7A.2) from Caenorhabditis elegans (BlastP2; swisspir), although with a 
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very high E-value of 2.5 (i.e., indicating a non-reliable hit). The fact that no esterase is 
among the homologous proteins identified by the BlastP2-analysis indicates that this 
enzyme is a rather unusual "GDSL-type" esterase. Furthermore, the enzyme is 
characterized by unusually long peptides between the N-terminus and the "GDSL"-motif 
5 and the ( T)XXH"-motif of block V (containing the active site aspartic acid and histidine) 
and the C-terminus. The very C-terminal sequence shows similarity to a membrane 
lipoprotein lipid attachment site. A corresponding signal sequence of lipoproteins was not 
identified. The gene encoding M75bA5 was amplified but no further efforts were taken 
for this enzyme since it did not have the conserved amino acids typical of the 
10 perhydrolase of the present invention. 

ii) Library S248 

The clone carrying the sequence-tag SP7_3j5h which could have been part of a 
gene encoding a "GDSL"-type esterase was identified (M31bAl 1), and the sequence was 

15 elongated. This facilitated the determination that this sequence did not encode a "GDSL- 
type" esterase, because block V could not be identified. The generation of this amplicon 
can be explained by an "unspecified hybridization of primer 5h with the first mismatches 
at nucleotides 10, 14 and 15 from the 3 '-terminus of the primer. The sequence showed 
the highest homology to a hypothetical protein (K03E5.5) from Caenorhabditis elegans 

20 with an E-value of 1 .6, indicating a non-reliable hit The sequence-tag from clone 
S248_M31bAl 1 is provided below. 


► 

25 1 eggaattate atgctgggtt ttaatgacca gegegagagg atcaacgaca acctcgatta 

rny hag f--p are dqr qprl 

g i i ml g £ n d qrer i nd nld 

el sewv lmt sar gstt tsi 

30 61 ctgggacgcc taccactccg tectgggega gagacagttt tattceggea attccaagat 

Igr lpl rpgr etv Ifr gfqd 
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ywda yhs vlg erqf ysg risk 
tgt pttp swa rds fipa ipr 

121 gttcgtcccc atcaccaaga tcgcggtgaa ggcgcgcaag acccggttca ccaatcagat 
5 vrp h'hq drge gaq dpv hqsd 

mfvp i t k iav kark trf tnq 
ess pspr sr - rra rpgs pir 

M o — oo-o-o 

181 ttttcctcag tccggccgca acgtcgatgt caccaccacg gacggcacac tcccccacgc 
10 fss vrp qrrc hhh grh tppr 

ifpq sgr nvd vttt d g t 1 p h 

f f 1 spaa tsm spp rtah s pt 

OOQ_OQjOOO 

241 caccatgtcc ctggtcgagc actacatccg ggcctgccgc ctgcgcaccc agatcgttcc 
15 hhvpgr alhp glp pah p drs 

atms lve hyi racr Irt qiv 
ppc pwss tts gpa acap r-sf 

301 ggccctgatc gttaacggcg attgcgaagg catgtacagc atctatgtcg gctggtcgaa 
20 gpd r-r rlrr hvq hlc rive 

pali vng dee grays iyv gws 
rp - slta iak act asms agr 

361 aaccaccaag catgttgttt caegtgaaac aaagccggtc gaaagcgacg gcatggaatt 

25 nhq acc ft-n kag rkr rhgi 

kttk hvv sre tkpv esd gme 

kpp smlf hvk qsr skat awn 

421 tcccgaactg ggcgaagccg acgacatcac cgaagaaacg .cttgagtgtg gccttcccga 
30 srtgrsrrhhrrna-vwpsr 
fpel gea ddi teet lec glp 
fpn wakp tts pkk rlsv afp 

481 catcgaattg ateteggacg ccgatcttct cgtccttcca ccagcgccga caacattcca 
35 hri dig rrss rps tsa dnip 

diel isd adl lvlp pap ttf 
tsn - srt pif ssf hqrr qhs 

541 aggegcttga gatgggcggg ttcggtcacg atcttgcgcc gtggacaagg gcaaggtccg 
40 rrl rwa gsvt ilr rgq-gqgp 

qga - dgr vrs rsca vdk gkv 
kal emgg fgh dla pwtr ars 

601 cagatgatcg aegaggegeg atcaccgaga tgccgcgacg atctgtcgac gctatgtcac 

45 q mi dea r spr crd dls tlch 

rr-s trr dhr daat i cr ryv 
add rrga ite mpr rsvd ams 
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661 cagcgcatgt ccgacggtgg aatgcaagac aggtnggntn gatcgggg(SEQ ID NO: 120) 
qrm sdg gmqd r?? ? s g(SEQ ID NO: 121) 
t s a c ptv eck t g ? ? dr (SEQ ID NO: 122) 
pah vrrw nar q?? ?i g {SEQ ID NO: 123) 


In the above sequence-tag of the clone S248_M3 IbAl 1, the primers 3j and 5h are 
indicated. Hybridization between primer and template is indicated by arrows, 
10 mismatches by open circles. Putative conserved structural motifs are indicated in bold 
and underlined. 

Several further sequence-tags were generated using different primer pairs of the 
primers 2 and 5 but none turned out to encode a "GDSL"-type esterases. The screening 
of this library was completed. 

15 

iii) Library M091 

The elongation of the amplicon SP31 j5h, which was identified in the insert-DNA 
of clone M24dG12 proved that the corresponding sequence does not encode a "GDSL"- 
type esterase. Whereas the sequence encoding a putative block V (DGTHP; SEQ ID 
20 NO:124) was found, the corresponding sequence encoding block I was missing. The 
amplicon was generated due to an "unspecific" hybridization of primer Ij with the first 
mismatches at positions 5, 10, 11 and 12 from the 3'-terminus of the prima-. The 
sequence-tag of clone M091_ M24dGl 2 s shown below: 

25 

1 gcctgatggc ttcgagttcg tcgaattcac ctcgccccag cccggcgtgc tggaggcggt 

a - w Irv rrih lap arr aggg 
Pdg. fefveftspqpgvlea 
JU lm assssnsprpspacwrr 

61 gtttgaaaag ctgggtttca ccctggtcgc caagcaccgg tccaaggatg tggtgctgta 

v - k a gf hpgr qap vqg cgav 
35 vfek Igf tlv akhr skd vvl 
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elk swvs.pws pst gprm wee 

121 ccgccagaac ggcatcaact tcatcctgaa ccgcgagccc cacagccagg ccgcctactt 

5 ppe r hq lhpe pra pqpgrll 

yrqn gin fil nrep hsq aay 
tar tast s s - tas ptar ppt 

10 181 tggtgccgag catggcccct ccgcctgtgg cctggccttc cgtgtgaagg atgcgcataa 

wcr awp lrlw pgl pee g c a - 

fgae hgp sac glaf rvk dah 
15 lvp sraap ppv awp sv-r mri 

241 ggcttataac cgcgcgctgg aactgggege ccagcccatc gagatcccca ccggccccat 

gl - pra gtgr pah rdp hrp h 


20 


25 


30 


50 


kayn ral elg aqpi.eip tgp 
rli tarw nwa psp srsp pap 


oooooo — oooo—oo COD- 


301 ggaactgege ctgcccgcca tcaagggcat tggcggcgcc gectctgtat ttgatcgacc 

gta par hqgh wrr rlc i-st 

melr lpa ikg igga asv fdr 
wnc aepp sra laa pply lid 
— ► 

361 gctttgaaga cggcaagtcc atctacgaca tcgacttcga gttcatcgaa ggcgtggacc 


alk tas pstt sts sss kawt 

pl-r rqv hlr hrlr vhr rrg 

35 rfedgks iyd idf efie gvd 

421 gccgccccgc ggggcatggc ctgaacgaga tcgatcacct cacgcacaac gtgtaccggg 

aap rgm a-tr sit srt tctg 
40 PPP r gaw per-drsp haq rvp 

r r p a g h a 1 n e idh lthn vyr 

481 gccgcatggg cttctgggcc aacttctacg aaaagctgtt caacttccgc gaaatccget 

45 aawasgptst ksc sts aksa 

gphg llg qll rkav qlp rnp 

grm gfwa nfy ekl fnfr eir 


541 acttcgacat ecagggegaa tacacgggcc tgacctccaa ggccatgacc gcgcccgacg 

tst sra ntra - pp rp - prpt 
llrh pgr ihg pdlq ghd rar 
yfd iqge ytg Its kamt apd 


55 601 gcaagattcg catcccgctg aacgaagagt ccaagcaggg cggcggccag atcgaagaat 

arf asr - tks psr aaa rskn 
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rqd s h pa err vqag rrp drr 
g k i ripl nee s k q g g g q iee 

5 661 ttttgatgca attcaacggc gagggcattc agcacatcgc gctgatctgc gacaacctgc 

f-c nst araf sts r-s attc 

i f d a i q r rgh sahr adl rqp 
10 flm qfng egi qhi-alic dn l" 

721 tggacgtggt ggacaagctg ggcatggccg gcgtgcagct ggccaccgcg cccaacgagg 

w t w . . w t s wawp acs wpp rptr 

a 9 r g gga ghg rraa ghr aqr 
Idv v d k 1 gma gvq lata pne 


15 


20 781 tctattacga aatgctggac acccgcctgc ccggccacgg ccagccggtg cccgagctgc 

sit kcw tpac pat as r cpsc 

gllrnaghpp ar prpagara 
25 vyyemldtrlpghgqpvpel 

M O-CD-OCEO-O 

841 agtcgcgcgg catcttgctg gacggcacca cggccgacgg cacgcacccg cctgctagct 

sra asc wtap rpt art rlla 

avar hla grh hgrr hap ac- 

qsr gill dgt ta d a t h p pas 
oooo 

901 tcagatcttc tccacgccca tgctgggccc ggtgttcttc gaattcatcc agcgcgaggg 
s d 1 lha hagp gvl rih parg 

Iqif stp mlg pvff* efiqre 
f r s sprp cv/a res snss sar 

961 cgactaccgc gaeggctttg gcgaaggcaa ettcaaggeg ctgttcgagt cgctggaacg 

rip rrl wrrq lqg avr vagt 

45 gdyrdgfgegnfkalfesle 
a tt atal aka tsr rcss rwn 

1021 cgaccagatc cgccgtggtg tgctgaacac ataagacatc agacatccag ggttaaccct 

50 rpdppwcaeh irh qts rvnp 

rdqi rrg vln t-di rhp git 
atr savv c-t hkt sdiq g-p 

55 1081 gcacaggtgc etatactgeg cgctccccgg aactcaaaag gatcccgatg tcgctccgta 


30 


35 


40 
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aqv pil rapr nsk gsr crsv 

lhrc 1 y c alp gtqk dpd vap 
^ ctg ayta rsp elk ripm sir 

1141 gcaccctgtt cagcaccctt ttggccggcg cagccactgt cgcgctggcg cagaacccgt 

ape sap fwpa qpl srw rrtr 

10 -hpv qhp fgr rshc rag aep 

stl fstl lag aat vala q np 

1201 ctgcccgctc acatcg (SEQ ID NO: 125) 

1 p a hi (SEQ ID NO: 126) 

15 v c p 1 t s (SEQ ID NO: 127) 

s a r s h (SEQ ID NO:128) 


Sequence-tag of the clone M09 l_M24dG 1 2. The primers lj and 5h are indicated 
20 in the above sequence-tag of the clone M091_M24dG12. Hybridization between primer 
and template is indicated by arrows, mismatches by open circles. Putative conserved 
structural motifs are depicted in bold and underlined. 

A further sequence-tag (SPl_2b5h) was generated using the primer pair 2b/5h. A 
BlastX-analysis of the sequence from this tag yielded the highest homology to an 
25 arylesterase from Agrobacterium tumefaciens, with 70% identity. The single clone 

carrying the corresponding gene was identified (M4aEl 1) and the full length sequence 
determined to be as shown below: 


1 atgaagacca ttctcgccta tggegacage ctgacctatg gggccaaccc gatcccgggc 

30 mktilay q d s 1 ty gan pipg 

61 gggccgcggc atgcctatga ggatcgctgg cccacggcgc tggagcaggg getgggegge 

gpr hay edrw pta leq glgg 

35 121 aaggcgcggg tgattgeega ggggctgggt ggtcgcacca cggtgcatga cgact^gttt 

kar via eglg art, t v h d d w f 

181 gegaatgegg acaggaaegg tgcgcgggtg ctgccgacgc tgctcgagag ccattcgccg 

ana drn ga rv Ipt lie shsp 


40 


241 ctcgacctga tegtcatcat gctcggcacc aacgacatca agccgcatca egggeggacg 
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d 1 i v i m 


n 


k p h 


301 gccggcgagg ccgggcgggg catggcgcgg ctggtgcaga tcatccgcgg gcactatgcc 

age agr gmar lvq iir qhya 

5 

361 ggccgcatgc aggacgagcc gcagatcatc ctcgtgtcgc cgccgccgat catcctcggc 

grm qde pqii lvs ppp iilg 

421 gactgggcgg acatgatgga ccatttcggc ccgcacgaag cgatcgccac ctcggtggat 
10 dwa dram dhfg phe aia tsvd 

481 ttcgctcgcg agtacaagaa gcgggccgac gagcagaagg tgcatttctt cgacgccggc 
far eyk krad eqk vhf fdag 

15 541 acggtggcga cgaccagcaa ggccgatggc atccacctcg acccggccaa tacgcgcgcc 
tva tts ka da i h 1 d p a n t r a 


20 


601 atcggggcag ggctggtgcc gctggtgaag caggtgctcg gcctgtaa(SEQ ID NO: 129) 
i g a glv plvk qvl gl - (SEQ ID NO: 130) 


In the above sequence, the conserved structural motifs are shown in bold and 
underlined. The BlastP-analysis with the deduced full length amino acid sequence 
identified the same hit with a identity of 48%. The primary structure of this enzyme 

25 showed the "GRTF'-motif proving the usefulness of the primers directed towards block 2 
for the identification of "GRTF'-esterases. The gene was amplified to introduce unique 
restriction enzyme recognition sites and the absence of second site mutations was 
confirmed by sequencing. The gene was ligated to pET26 and was expressed in E. coli 
Rosetta (DE3). The vector map is provided in Figure 5. Expression and control strains 

30 were cultivated in LB in the presence of kanamycin (25 jig/ml), chloramphenicol (12.5 
jig/ml), and 1% glucose. At an ODsso of 1, expression was induced by addition of 100 
^iM IPTG. Samples were taken at 2, 4, and 20 hours after induction. Cells were 
separated from the culture supernatant by centrifugation and after resuspending in sample 
buffer, they wee incubated for 10 minutes at 90°C. An amount of cells representing an 

35 ODsso of 0.1 was applied to a 4-12% acryl amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. 
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Strong overexpression of the gene was detected already 2 h after induction with 
100 fiM IPTG, as determined by SDS-PAGE analysis of crude cell extracts from E. coli 
Rosetta (DE3) pET26_M4aEl 1. The amount of protein representing M4aEl 1 (calculated 
size 23 .2 kDa) increased further over time. 
5 Esterase activity of crude cell extracts from strains expressing the "GDSL"-type 

esterase M4aEl 1 was determined* An amount of cells corresponding to an OJ5.580 = 2 
were resuspended in 200 jil of 5mM Tris/HCl pH 8.0, and lysed by ultrasonication. 
Thai, 20 pi of each sample were used to determine the esterase activity towards p- 
nitrophenyl butyrate in a total volume of 200 The activity was corrected for the 

10 background activity of the control strain. The activity towards /7-nitrophenylbutyrate 
reached about 125 nmol/ml x min 20 h after induction. 

In addition, SDS-PAGE analysis of the soluble and insoluble fraction of crude cell 
extracts from E. coli Rosetta (DE3) pET26JM4aEl 1 was conducted. Cells from a culture 
induced with 100 fiM IPTG and harvested 4 h and 20h after induction were lysed by 

1 5 ultrasonication and separated into soluble and insoluble fraction by centrifugation. 

Sample buffer was added and directly comparable amounts of soluble and insoluble 
fractions were applied to a 4-12% acryl amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. The results of this analysis of the solubility revealed that 
M4aEl 1 is partially (estimated 80%) soluble. The screening of the library M091 was 

20 completed. 

Thus, in total nine different "GDSL"-type esterases were identified in 6 different 
large insert metagenomic libraries and the esterases/lipases BRAIN's library comprising 
more than 4.3 Gbp. Eight of these genes were heterologously expressed in E. colL The 
resulting enzyme samples of seven clones were characterized for the desired perhydrolase 
25 activity. Two of the enzymes displayed this activity. Table 3 summarizes the screening, 
expression and characterization of the metagenomic "GDSL"-type esterases. 


121 


PC T^°JK ,5 i/ 2| IO «+3 & PCT/US2004/040438 
GC821-2 ^ 


Table 3: Expression and Characterization of Metagenomic "GDSL"-Type Esterases 


GDSL-type 
Esterase 

Homology' 

Expression 2 
Level 

Solubility 3 

Activity 4 

Perhydrolase 
Activity 

S248 M2bBll 

12.9% 

++ 

+ 

136 


S248_M40cD4 

14.8% 

+++ 

++ 

50 

'-/+< 

S248_M44aA5 

12.4% 

+++ 

++ 

75 

-/+ 

S261_M2aA12 

36.9% 

++ 

++ 

72 

+ 7 

S279 M70aE8 

11.9% 

+++ 

+ 

167 


S279_M75bA2 

5.7% 

n.d 5 . 

h.d. 

n.d. 

n.d. 5 

M091 M4aEll 

33.9% 

+++ 

++ 

125 

n.d. 

Estl05 

4.3% 

+++ 



n.d. 

Estll4 

7.8% 

n.d. 

n.d. 

13 



1 identity to the prototype enzyme from M. smegmatis calculated with the dialign 
algorithm (Morgenstern et al, 1 996) 

2 

expression level: + moderate overexpression; ++ strong overexpression; +++ 
5 very 

strong overexpression as judged from SDS-PAGE-analysis 
as judged by SDS-PAGE-analysis 

towards /7-nitrophenyl butyrate; given as nmol/(ml x min) 
not determined 
1 0 ^perhydrolysis activity 2x background 

peihydrolase activity more than 2x background 


1 5 Engineering of the Perhydrolase 

Based on the structure of the perhydrolase, residues which may alter substrate 
specificity (e.g., Km, kcat, Vmax, chain length, etc.) and or the multimeric nature of the 
protein were identified. However, it is not intended that the present invention be limited 
to any particular residues. Nonetheless, site saturation libraries of residues D10, L12, 
20 T13, W14, W16, S54, A55, N94, K97, Y99, P146, W149, F150, 1194, F196, are 

constructed, as well as combinatorial libraries of residues: E51 A, Y73A, H81D, T127Q 
and single mutations of the active site residues D192A, H195A and a site saturation 
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library of the conserved D95. Methods for production of such libraries are known to 
those skilled in the art and include commercially available kits as the Stratagene 
Quikchange™ Site-directed mutagenesis kit and/or Quikchange™Multi-Site-directed 
mutagenesis kit 

Perhydrolase Activity 

The use of enzymes obtained from microorganisms is long-standing. Indeed there 
are numerous biocatalysts known in the art For example, U.S. Patent No. 5,240,835 
(herein incorporated by reference) provides a description of the transacylase activity of 
obtained from C oxydans and its production. In addition, U.S. Patent No. 3,823,070 
(herein incorporated by reference) provides a description of a Corynebacterium that 
produces certain fatty acids from an n-paraffin. U.S. Patent No. 4,594,324 (herein 
incorporated by reference) provides a description of a Methylcoccus capsulatus that 
oxidizes alkenes. Additional biocatalysts are known in the art (See e.g., U.S. Patent Nos. 
4,008,125 and 4,415,657; both of which are herein incorporated by reference). EP 0 280 
232 describes the use of a C. oxydans enzyme in a reaction between a diol and an ester of 
acetic acid to produce monoacetate. Additional references describe the use of a C. 
oxydans enzyme to make chiral hydroxycarboxylic acid from a prochiral diol. Additional 
details regarding the activity of the C. oxydans transacylase as well as the culture of C. 
oxydans, preparation and purification of the enzyme are provided by U.S. Patent No. 
5,240,835 (incorporated by reference, as indicated above). Thus, the transesterification 
capabilities of this enzyme, using mostly acetic acid esters were known. However, the 
determination that this enzyme could carry out perhydrolysis reaction was quite 
unexpected. It was even more surprising that these enzymes exhibit very high 
efficiencies in perhydrolysis reactions. For example, in the presence of tributyrin and 
water, the enzyme acts to produce butyric acid, while in the presence of tributyrin, water 
and hydrogen peroxide, the enzyme acts to produce mostly peracetic acid and very little 
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butyric acid. This high perhydrolysis to hydrolysis ratio is a unique property exhibited by 
the perhydrolase class of enzymes of the present invention and is a unique characteristic 
that is not exhibited by previously described lipases, cutinases, nor esterases. 

Hie perhydrolase of the present invention is active over a wide pH and 
temperature range and accepts a wide range of substrates for acyl transfer. Acceptors 
include water (hydrolysis), hydrogen peroxide (perhydrolysis) and alcohols (classical acyl 
transfer). For perhydrolysis measurements, enzyme is incubated in a buffer of choice at a 
specified temperature with a substrate ester in the presence of hydrogen peroxide. 
Typical substrates used to measure perhydrolysis include esters such as ethyl acetate, 
triacetin, tributyrin, ethoxylated neodol acetate esters, and others. In addition, the wild 
type enzyme hydrolyzes nitrophenylesters of short chain acids. The latter are convenient 
substrates to measure enzyme concentration. Peracid and acetic acid can be measured by 
the assays described herein. Nitrophenylester hydrolysis is also described. 

Although the primary example used during the development of the present 
invention is the M smegmatis perhydrolase, any perhydrolase obtained from any source 
which converts the ester into mostly peracids in the presence of hydrogen peroxide finds 
use in the present invention. 

Substrates 

In some preferred embodiments of the present invention, esters comprising 
aliphatic and/or aromatic carboxylic acids and alcohols are utilized with the perhydrolase 
enzymes of the present invention. In some preferred embodiments, the substrates are 
selected from one or more of the following: formic acid, acetic acid, propionic acid, 
butyric acid, valeric acid, caproic acid, caprylic acid, nonanoic acid, decanoic acid, 
dodecanoic acid, myristic acid, palmitic acid, stearic acid, and oleic acid. In additional 
embodiments, triacetin, tributyrin, neodol esters, and/or ethoxylated neodol esters serve 
as acyl donors for peracid formation. 
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Cleaning and Detergent Formulations 

The detergent compositions of the present invention are provided in any suitable 
form, including for example, as a liquid diluent, in granules, in emulsions, in gels, and 
5 pastes. When a solid detergent composition is employed, the detergent is preferably 

formulated as granules. Preferably, the granules are formulated to additionally contain a 
protecting agent (See e.g., U.S. Appln. Ser. No. 07/642,669 filed January 17, 1991, 
incorporated herein by reference). Likewise, in some embodiments, the granules are 
formulated so as to contain materials to reduce the rate of dissolution of the granule into 
10 the wash medium (See e.g., U.S. Patent No. 5,254,283, incorporated herein by reference 
in its entirety). In addition, the perhydrolase enzymes of the present invention find use in 
formulations in which substrate and enzyme are present in the same granule. Thus, in 
some embodiments, the efficacy of the enzyme is increased by the provision of high local 
concentrations of enzyme and substrate (See e.g. 9 U.S. Patent Application Publication 
15 US2003/0191033, herein incorporated by reference). 

Many of the protein variants of the present invention are useful in formulating 
various detergent compositions. A number of known compounds are suitable surfactants 
useful in compositions comprising the protein mutants of the invention. These include 
nonionic, anionic, cationic, anionic or zwitterionic detergents (See e.g. y U.S. Patent Nos 
20 4,404,128 and 4,261 ,868). A suitable detergent formulation is that described in U.S. 

Patent No. 5,204,01 5 (previously incorporated by reference). Those in the art are familiar 
with the different formulations which find use as cleaning compositions. As indicated 
above, in some preferred embodiments, the detergent compositions of the present 
invention employ a surface active agent (z.e., surfactant) including anionic, non-ionic and 
25 ampholytic surfactants well known for their use in detergent compositions. Some 
surfactants suitable for use in the present invention are described in British Patent 
Application No. 2 094 826 A, incorporated herein by reference. In some embodiments, 
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mixtures surfactants are used in the present invention. 

Suitable anionic surfactants for use in the detergent composition of the present 
invention include linear or branched alkylbenzene sulfonates; alkyl or alkenyl ether 
sulfates having linear or branched alkyl groups or alkenyl groups; alkyl or alkenyl 
5 sulfates; olefin sulfonates; alkane sulfonates and the like. Suitable counter ions for 

anionic surfactants include alkali metal ions such as sodium and potassium; alkaline earth 
metal ions such as calcium and magnesium; ammonium ion; and alkanolamines having 1 
to 3 alkanol groups of carbon number 2 or 3. 

Ampholytic surfactants that find use in the present invention include quaternary 
1 0 ammonium salt sulfonates, betaine-type ampholytic surfactants, and the like. Such 

ampholytic surfactants have both the positive and negative charged groups in the same 
molecule. 

Nonionic surfactants that find use in the present invention generally comprise 
polyoxyalkylene ethers, as well as higher fatty acid alkanolamides or alkylene oxide 

1 5 adduct thereof, fatty acid glycerine monoesters, and the like. 

In some preferred embodiments, the surfactant or surfactant mixture included in 
the detergent compositions of the present invention is provided in an amount from about 
1 weight percent to about 95 weight percent of the total detergent composition and 
preferably from about 5 weight percent to about 45 weight percent of the total detergent 

20 composition. In various embodiments, numerous other components are included in the 
compositions of the present invention. Many of these are described below. It is not 
intended that the present invention be limited to these specific examples. Indeed, it is 
contemplated that additional compounds will find use in the present invention. The 
descriptions below merely illustrate some optional components. 

25 Proteins, particularly the perhydrolase of the present invention can be formulated 

into known powdered and liquid detergents having pH between 3 and 12.0, at levels of 
about .001 to about 5% (preferably 0.1% to 0.5%) by weight In some embodiments, 
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these detergent cleaning compositions further include other enzymes such as proteases, 
amylases, mannanases, peroxidases, oxido reductases, cellulases, lipases, cutinases, 
pectinases, pectin lyases, xylanases, and/or endoglycosidases, as well as builders and 
stabilizers. 

In addition to typical cleaning compositions, it is readily understood that 
perhydrolase variants of the present invention find use in any purpose that the native or 
wild-type enzyme is used. Thus, such variants can be used, for example, in bar and liquid 
soap applications, dishcare formulations, surface cleaning applications, contact lens 
cleaning solutions or products, , waste treatment, textile applications, pulp-bleaching, 
disinfectants, skin care, oral care, hair care, etc. Indeed, it is not intended that any 
variants of the perhydrolase of the present invention be limited to any particular use. For 
example, the variant perhydrolases of the present invention may comprise, in addition to 
decreased allergenicity, enhanced performance in a detergent composition (as compared 
to the wild-type or unmodified perhydrolase). 

The addition of proteins to conventional cleaning compositions does not create 
any special use limitations. In other words, any temperature and pH suitable for the 
detergent are also suitable for the present compositions, as long as the pH is within the 
range in which the enzyme(s) is/are active, and the temperature is below the described 
protein's denaturing temperature. In addition, proteins of the invention find use in 
cleaning, bleaching, and disinfecting compositions without detergents, again either alone 
or in combination with a source of hydrogen peroxide, an ester substrate (e.g., either 
added or inherent in the system utilized, such as with stains that contain esters, pulp that 
contains esters etc), other enzymes, surfactants, builders, stabilizers, etc. Indeed it is not 
intended that the present invention be limited to any particular formulation or application. 

SnhgtratfKi 
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In some preferred embodiments of the present invention, esters comprising 
aliphatic and/or aromatic carboxylic acids and alcohols are utilized with the perhydrolase 
enzymes in the detergent formulations of the present invention. In some preferred 
embodiments, the substrates are selected from one or more of the following: formic acid, 
5 acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, caprylic acid, nonanoic 
acid, decanoic acid, dodecanoic acid, myristic acid, palmitic acid, stearic acid, and oleic 
acid. Thus, in some preferred embodiments, detergents comprising at least one 
perhydrolase, at least one hydrogen peroxide source, and at least one ester acid are 
provided. 

10 

Hydrolases 

In addition to the perhydrolase described herein, various hydrolases find use in the 
present invention, including but not limited to carboxylate ester hydrolase, thioester 
hydrolase, phosphate monoester hydrolase, and phosphate diester hydrolase which act on 

1 5 ester bonds; a thioether hydrolase which acts on ether bonds; and a-amino-acyl-peptide 

hydrolase, peptidyl-amino acid hydrolase, acyl-amino acid hydrolase, dipeptide hydrolase, 
and peptidyl-peptide hydrolase which act on peptide bonds, all these enzymes having high 
perhydrolysis to hydrolysis ratios {e.g., >1). Preferable among them are carboxylate ester 
hydrolase, and peptidyl-peptide hydrolase. Suitable hydrolases include: (1) proteases 

20 belonging to the peptidyl-peptide hydrolase class {e.g., pepsin, pepsin B, rennin, trypsin, 
chymotrypsin A, chymotrypsin B, elastase, enterokinase, cathepsin C, papain, 
chymopapain, ficin, thrombin, fibrinolysin, renin, subtilisin, aspergillopeptidase A, 
collagenase, clostridiopeptidase B, kallikrein, gastrisin, cathepsin D, bromelin, keratinase, 
chymotrypsin C, pepsin C, aspergillopeptidase B, urokinase, carboxypeptidase A and B, 

25 and aminopeptidase); (2) carboxylate ester hydrolase including carboxyl esterase, lipase, 
pectin esterase, and chlorophyllase; and (3) enzymes having high perhydrolysis to 
hydrolysis ratios. Especially effective among them are lipases, as well as esterases that 
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exhibit high perhydrolysis to hydrolysis ratios, as well as protein engineered esterases, 
cutinases, and lipases, using the primary, secondary, tertiary, and/or quaternary structural 
features of the perhydrolases of the present invention. 

The hydrolase is incorporated into the detergent composition as much as required 

5 according to the purpose. It should preferably be incorporated in an amount of 0.0001 to 
5 weight percent, and more preferably 0.02 to 3 weight percent,. This enzyme should be 
used in the form of granules made of crude enzyme alone or in combination with other 
enzymes and/or components in the detergent composition. Granules of crude enzyme are 
used in such an amount that the purified enzyme is 0.001 to 50 weight percent in the 

1 0 granules. The granules are used in an amount of 0.002 to 20 and preferably 0. 1 to 1 0 
weight percent. In some embodiments, the granules are formulated so as to contain an 
enzyme protecting agent and a dissolution retardant material material that regulates 
the dissolution of granules during use). 

15 Pntinnir Snr f*W*ntg anH Tnng-Chain Fattv Add SflltS 

Such cationic surfactants and long-chain fatty acid salts include saturated or fatty 
acid salts, alkyl or alkenyl ether carboxylic acid salts, a-sulfofatty acid salts or esters, 
amino acid-type surfactants, phosphate ester surfactants, quaternary ammonium salts 
including those having 3 to 4 alkyl substituents and up to 1 phenyl substituted alkyl 
20 substituents. Suitable cationic surfactants and long-chain fatty acid salts include those 
disclosed in British Patent Application No. 2 094 826 A, the disclosure of which is 
incorporated herein by reference. The composition may contain from about 1 to about 20 
weight percent of such cationic surfactants and long-chain fatty acid salts. 

25 Builders 

In some embodiments of the present invention, the composition contains from 
about 0 to about 50 weight percent of one or more builder components selected from the 
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group consisting of alkali metal salts and alkanolamine salts of the following compounds: 
phosphates, phosphonates, phosphonocaiboxylates, salts of amino acids, - 
aminopolyacetates high molecular electrolytes, non-dissociating polymers, salts of 
dicaiboxylic acids, and aluminosilicate salts. Examples of suitable divalent sequestering 

5 agents are disclosed in British Patent Application No. 2 094 826 A, the disclosure of 
which is incorporated herein by reference. 

In additional embodiments, compositions of the present invention contain from 
about 1 to about 50 weight percent, preferably from about 5 to about 30 weight percent, 
based on the composition of one or more alkali metal salts of the following compounds as 

10 the alkalis or inorganic electrolytes: silicates, carbonates and sulfates as well as organic 
alkalis such as triethanolamine, diethanolamine, monoethanolamine and 
triisopropanolamine. 

Anri-Rf^epnsition Agents 

15 In yet additional embodiments of the present invention, the compositions contain 

from about 0.1 to about 5 weight percent of one or more of the following compounds as 
antiredeposition agents: polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone and 
caiboxymethylcellulose. In some preferred embodiments, a combination of 
carboxymethyl-cellulose and/or polyethylene glycol are utilized with the composition of 

20 the present invention as useful dirt removing compositions. 

FUrarhing Agents 

The use of the perhydrolases of the present invention in combination with 
additional bleaching agent(s) such as sodium percarbonate, sodium perborate, sodium 
25 sulfate/hydrogen peroxide adduct and sodium chloride/hydrogen peroxide adduct and/or a 
photo-sensitive bleaching dye such as zinc or aluminum salt of sulfonated phthalocyanine 
further improves the detergent effects. In additional embodiments, the perhydrolases of 
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die present invention are used in combination with bleach boosters (e.g., TAED and/or 
NOBS). 

Pining Agents and Fluorescent Dyes 
5 In some embodiments of the present invention, bluing agents and fluorescent 

dyes are incorporated in the composition. Examples of suitable bluing agents and 
fluorescent dyes are disclosed in British Patent Application No. 2 094 826 A, the 
disclosure of which is incorporated herein by reference. 

10 Pairing Tnhihitors 

In some embodiments of the present invention in which the composition is 
powdered or solid, caking inhibitors are incorporated in the composition. Examples of 
suitable caking inhibitors include p-toluenesulfonic acid salts, xylenesulfonic acid salts, 
acetic acid salts, sulfosuccinic acid salts, talc, finely pulverized silica, clay, calcium 
1 5 silicate (e.g. 9 Micro-Cell by Johns Manville Co.), calcium carbonate and magnesium 
oxide. 

AntinviHantg 

The antioxidants include, for example, tert-butyl-hydroxytoluene, 4,4- 
20 butylidenebis(6-tert-buty^ 

methylphenol), monostyrenated cresol, distyrenated cresol, monostyrenated phenol, 
distyrenated phenol and l,l-bis(4-hydroxy-phenyl)cyclohexane. 

.Snluhilizers 

25 In some embodiments, the compositions of the present invention also include 

solubilizers, including but not limited to lower alcohols (eg., ethanol, benzenesulfonate 
salts, and lower alkylbenzenesulfonate salts such as p-toluenesulfonate salts), glycols 
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such as propylene glycol, acetylbenzene-sulfonate salts, acetamides, pyridinedicaiboxylic 
acid amides, benzoate salts and urea. 

In some embodiments, the detergent composition of the present invention are used 
in a broad pH range of from acidic to alkaline pH. In a preferred embodiment, the 
5 detergent composition of the present invention is used in mildly acidic, neutral or alkaline 
detergent wash media having a pH of from above 4 to no more than about 12. 

In addition to the ingredients described above, perfumes, buffers, preservatives, 
dyes and die like also find use with the present invention. These components are 
provided in concentrations and forms known to those in the art. 

10 In some embodiments, the powdered detergent bases of the present invention are 

prepared by any known preparation methods including a spray-drying method and a 
. granulation method. The detergent base obtained particularly by the spray-drying method 
and/or spray-drying granulation method are preferred. The detergent base obtained by the 
spray-drying method is not restricted with respect to preparation conditions. The 

1 5 detergent base obtained by the spray-drying method is hollow granules which are 

obtained by spraying an aqueous slurry of heat-resistant ingredients, such as surface 
active agents and builders, into a hot space. After the spray-drying, perfumes, enzymes, 
bleaching agents, inorganic alkaline builders may be added. With a highly dense, 
granular detergent base obtained such as by the spray-drying-granulation method, various 

20 ingredients may also be added after the preparation of the base. 

When the detergent base is a liquid, it may be either a homogeneous solution or an 
inhomogeneous dispersion. 

The detergent compositions of this invention may be incubated with fabric, for 
example soiled fabrics, in industrial and household uses at temperatures, reaction times 

25 and liquor ratios conventionally employed in these environments. The incubation 
conditions (i.e., the conditions effective for treating materials with detergent 
compositions according to the present invention), are readily ascertainable by those of 
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skill in the art Accordingly, the appropriate conditions effective for treatment with the 
present detergents correspond to those using similar detergent compositions which 
include wild-type perhydrolase. 

As indicated above, detergents according to the present invention may 
5 additionally be formulated as a pre-wash in the appropriate solution at an intermediate pH 
whore sufficient activity exists to provide desired improvements softening, depilling, 
pilling prevention, surface fiber removal or cleaning. When the detergent composition is 
a pre-soak (e.g., pre-wash or pre-treatment) composition, either as a liquid, spray, gel or 
paste composition, the perhydrolase enzyme is generally employed from about 0.00001% 

1 0 to about 5% weight percent based on the total weight of the pre-soak or pre-treatment 
composition. In such compositions, a surfactant may optionally be employed and when 
employed, is generally present at a concentration of from about 0.0005 to about 1 weight 
percent based on the total weight of the pre-soak. The remainder of the composition 
comprises conventional components used in the pre-soak (e.g., diluent, buffers, other 

1 5 enzymes (proteases), etc.) at their conventional concentrations. 

Cleaning Compositions Comprising Perhydrolase 


20 dishwashing applications, as well as cosmetic applications such as dentures, teeth, hair 
and skin. However, due to the unique advantages of increased effectiveness in lower 
temperature solutions and the superior color-safety profile, the enzymes of the present 
invention are ideally suited for laundry applications such as the bleaching of fabrics. 
Furthermore, the enzymes of the present invention find use in both granular and liquid 

25 compositions. 

The enzymes of the present invention also find use in cleaning additive products. 
Cleaning additive products including the enzymes of the present invention are ideally 


The cleaning compositions of the present invention may be advantageously 
employed for example, in laundry applications, hard surface cleaning, automatic 
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suited for inclusion in wash processes where additional bleaching effectiveness is desired. 


applications. The additive product may be, in its simplest form, one or more of the 
enzymes of the present invention. Such additive may be packaged in dosage form for 
5 addition to a cleaning process where a source of peroxygen is employed and increased 
bleaching effectiveness is desired. Such single dosage form may comprise a pill, tablet, 
gelcap or other single dosage unit such as pre-measured powders or liquids. A filler or 
carrier material may be included to increase the volume of such composition. Suitable 
filler or carrier materials include, but are not limited to, various salts of sulfate, carbonate 

1 0 and silicate as well as talc, clay and the like. Filler or carrier materials for liquid 

compositions may be water or low molecular weight primary and secondary alcohols 
including polyols and diols. Examples of such alcohols include, but are not limited to; 
methanol, ethanol, propanol and isopropanol. The compositions* may contain from about 
5% to about 90% of such materials. Acidic fillers can be used to reduce pH. 

1 5 Alternatively, the cleaning additive may include activated peroxygen source defined 
below or the adjunct ingredients as defined below. 

The cleaning compositions and cleaning additives of the present invention require 
an effective amount of the enzymes provided by the present invention. The required level 
of enzyme may be achieved by the addition of one or more species of the M smegmatis 

20 perhydrolase, variants, homologues, and/or other enzymes or enzyme fragments having 

the activity of the enzymes of the present invention. Typically, the cleaning compositions 
of the present invention comprise at least 0.0001 weight percent, from about 0.0001 to 
about 1, from about 0.001 to about 0.5, or even from about 0.01 to about 0.1 weight 
percent of at least one enzyme of the present invention. 

25 In some embodiments, the cleaning compositions of the present invention 

comprise a material selected from the group consisting of a peroxygen source, hydrogen 
peroxide and mixtures thereof, said peroxygen source being selected from the group 


Such instances include, but are not limited to low temperature solution cleaning 
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consisting of: 

(i) from about 0.01 to about 50, from about 0. 1 to about 20, or even from 
about 1 to 10 weight percent of a per-salt, an organic peroxyacid, urea hydrogen peroxide 
and mixtures thereof; 

(ii) from about 0.01 to about 50, from about 0. 1 to about 20, or even from 
about 1 to 10 weight percent of a carbohydrate and from about 0.0001 to about 1, from 
about 0.001 to about 0.5, from about 0.01 to about 0.1 weight percent carbohydrate 
oxidase; and 

(iii) mixtures thereof. 

Suitable per-salts include those selected from the group consisting of alkalimetal 
perborate, alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal persulphates 
and mixtures thereof. 

The carbohydrate may be selected from the group consisting of mono- 
carbohydrates, di-carbohydrates, tri-carbohydrates, oligo-carbohydrates and mixtures 
thereof. Suitable carbohydrates include carbohydrates selected from the group consisting 
of D-arabinose, L-arabinose, D-Cellobiose, 2-Deoxy-D-galactose, 2-Deoxy-D-ribose, D- 
Fructose, L-Fucose, D-Galactose, D-glucose, D-glycero-D-gulo-heptose, D-lactose, D- 
Lyxose, L-Lyxose, D-Maltose, D-Mannose, Melezitose, L-Melibiose, Palatinose, D- 
Raffinose, L-Rhamnose, D-Ribose, L-Soibose, Stachyose, Sucrose, D-Trehalose, D- 
Xylose, L-Xylose and mixtures thereof. 

Suitable carbohydrate oxidases include carbohydrate oxidases selected from the 
group consisting of aldose oxidase (IUPAC classification EC1. 1.3.9), galactose oxidase 
(IUPAC classification EC1.1.3.9), cellobiose oxidase (IUPAC classification EC1. 1.3.25), 
pyranose oxidase (IUPAC classification EC1. 1.3.10), sorbose oxidase (IUPAC 
classification EC1. 1.3.1 1) and/or hexose oxidase (IUPAC classification ECL1.3.5), 
Glucose oxidase (IUPAC classification EC1. 1.3.4) and mixtures thereof. 

In some preferred embodiments, the cleaning compositions of the present 
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invention also include from about 0.01 to about 99.9, from about 0.01 to about 50, from 
about 0. 1 to 20, or even from about 1 to about 1 5 weight percent a molecule comprising 
an ester moiety. Suitable molecules comprising an ester moiety may have the formula: 

wherein R 1 is a moiety selected from the group consisting of H or a substituted or 
unsubstituted alkyl, heteroalkyl, alkenyi, alkynyl, aryl, alkylaiyl, alkylheteroaryi, and 
heteroaryl; in one aspect of the present invention, R 1 may comprise from 1 to 50,000 
10 carbon atoms, from 1 to 10,000 carbon atoms, or even from 2 to 100 carbon atoms; 

each R 2 is an alkoxylate moiety, in one aspect of the present invention, each R 2 is 
independently an ethoxylate, propoxylate or butoxylate moiety; 
R 3 is an ester-forming moiety having the formula: 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyl, alkenyi, 
15 alkynyl, aiyl, alkylaryl, alkylheteroaryi, and heteroaryl, in one aspect of the 

present invention, R 4 may be substituted or unsubstituted alkyl, alkenyi, 
alkynyl, moiety comprising from 1 to 22 carbon atoms, an aryl, alkylaryl, 
alkylheteroaryi, or heteroaryl moiety comprising from 4 to 22 carbon 
atoms or R 4 may be a substituted or unsubstituted C1-C22 alkyl moiety or 
20 R may be a substituted or unsubstituted C1-C12 alkyl moiety; 

x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 

less than the number of carbons in R ! 

p is an integer that is equal to or less than x 

m is an integer from 0 to 50, an integer from 0 to 1 8, or an integer from 0 
25 to 12, and n is at least 1. 

In one aspect of the present invention, the molecule comprising an ester moiety is 
an alkyl ethoxylate or propoxylate having the formula R^tCR 2 )^ 3 )^ wherein: 


136 


P C T/ ^PM 5 ^^lOH-3 8 PCT/US20IM/04M38 

GC821-2 


R 1 is an C2-C32 substituted or unsubstituted alkyl or heteroalkyl moiety; 
each R is independently an ethoxylate or propoxylate moiety; 
R 3 is an ester-forming moiety having the formula: 
R 4 CO wherein R 4 may be H, substituted or unsubstituted alkyl, alkenyl, 
5 alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl, in one aspect of the 

present invention, R 4 may be a substituted or unsubstituted alkyl, alkenyl, 
or alkynyl moiety comprising from 1 to 22 carbon atoms, a substituted or 
unsubstituted aryl, alkylaryl, alkylheteroaryl, or heteroaryl moiety 
comprising from 4 to 22 carbon atoms or R 4 may be a substituted or 
1 0 unsubstituted C1-C22 alkyl moiety or R 4 may be a substituted or 

unsubstituted C1-C12 alkyl moiety; 

x is an integer that is equal to or less than the number of carbons in R 1 
p is an integer that is equal to or less than x 
m is an integer from 1 to 12, and 
15 n is at least 1. 

In one aspect of the present invention, the molecule comprising the ester moiety 
has the formula: 

R^lCR^R'Wp 

20 wherein R 1 is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, said R 1 moiety that comprises an amine moiety being selected 
from the group consisting of a substituted or unsubstituted alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl; in one aspect of Applicants' 
invention R 1 may comprise from 1 to 50,000 carbon atoms, from 1 to 10,000 carbon 

25 atoms, or even from 2 to 100 carbon atoms; 

2 2 
each R is an alkoxyiate moiety, in one aspect of the present invention each R is 

independently an ethoxylate, propoxylate or butoxylate moiety; 
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R 3 is an ester-forming moiety having the formula: 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyl, 
alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl, in 
one aspect of the present invention, R 4 may be a substituted or 
5 unsubstituted alkyl, alkenyl, or alkynyl moiety comprising from 1 

to 22 carbon atoms, a substituted or unsubstituted aryl, alkylaryl, 
alkylheteroaryl, or heteroaryl moiety comprising from 4 to 22 
carbon atoms or R 4 may be a substituted or unsubstituted C1-C22 
alkyl moiety or R 4 may be a substituted or unsubstituted C1-C12 
10 alkyl moiety; 

x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 
less than the number of carbons in R 1 . . . . . 

p is an integer that is equal to or less than x 
m is an integer from 0 to 12 or even 1 to 12, and 
IS n is at least 1. 

In any of the aforementioned aspects of the present invention, the molecule 
comprising an ester moiety may have a weight average molecular weight of less than 
600,000 Daltons, less than 300,000 Daltons, less than 100,000 Daltons or even less than 
60,000 Daltons. 

20 Suitable molecules that comprise an ester moiety include polycarbohydrates that 

comprise an ester moiety. 

The cleaning compositions provided herein will typically be formulated such that, 
during use in aqueous cleaning operations, the wash water will have a pH of from about 
5.0 to about 1 1 .5, or even from about 7.5 to about 10.5. Liquid product formulations are 

25 typically formulated to have a pH from about 3.0 and about 9.0. Granular laundry 

products are typically formulated to have a pH from about 9 to about 1 1 . Techniques for 
controlling pH at recommended usage levels include the use of buffers, alkalis, acids, 
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etc., and are well known to those skilled in the art 

When the enzyme(s) of the present invention is/are employed in a granular 
composition or liquid, it may be desirable for the enzyme(s) to be in the fonn of an 
encapsulated particle to protect such enzyme from other components of the granular 
composition during storage. In addition, encapsulation is also a means of controlling the 
availability of the enzyme(s) during the cleaning process and may enhance performance 
of the enzyme(s). In this regard, the enzyme(s) may be encapsulated with any 
encapsulating material known in the art 

The encapsulating material typically encapsulates at least part of the enzyme(s). 
Typically, the encapsulating material is water-soluble and/or water-dispersible. The 
encapsulating material may have a glass transition temperature (Tg) of 0°C or higher. 
Glass transition temperature is described in more detail in WO 97/1 1151, especially from 
page 6, line 25 to page 7, line 2. 

The encapsulating material may be selected from the group consisting of 
carbohydrates, natural or synthetic gums, chitin and chitosan, cellulose and cellulose 
derivatives, silicates, phosphates, borates, polyvinyl alcohol, polyethylene glycol, paraffin 
waxes and combinations thereof When the encapsulating material is a carbohydrate, it 
may be typically selected from the group consisting of monosaccharides, 
oligosaccharides, polysaccharides, and combinations thereof. Typically, the 
encapsulating material is a starch. Suitable starches are described in EP 0 922 499; US 
4,977,252; US 5,354,559 and US 5,935,826. 

The encapsulating material may be a microsphere made from plastic such as 
thermoplastics, acrylonitrile, methaoylonitrile, polyacrylonitrile, polymethacrylonitrile 
and mixtures thereof; commercially available microspheres that can be used are those 
supplied by Expancel of Stockviksverken, Sweden under the trademark EXPANCEL®, 
and those supplied by PQ Corp. of Valley Forge, Pennsylvania U.S.A. under the 
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tradename PM 6545, PM 6550, PM 7220, PM 7228, EXTENDOSPHERES®, LUXSIL®, 
Q-CEL® and SPHERICEL®. 

Prnresses nf Making and Using the; Cloning C^mpn^n^ q f 

thft Present Tnvpnti'nn 

The cleaning compositions of the present invention can be formulated into any 
suitable form and prepared by any process chosen by the formulator, non-limiting 
examples of which are described in U.S. 5,879,584; U.S. 5,691,297; U.S. 5,574,005; U.S. 
5,569,645; U.S. 5,565,422 Del Greco et al.; U.S. 5,516,448; U.S. 5,489,392; and U.S. 
5,486,303; all of which are incorporated herein by reference. 

Ariinnrt Materials in Addition to thp FnrymA. nf thp v™» n t T n vpnrin^ ff y Ht-^ n 

MmVty 

While not essential for the purposes of the present invention, the non-limiting list 
of adjuncts illustrated hereinafter are suitable for use in the instant cleaning compositions 
and may be desirably incorporated in certain embodiments of the invention, for example 
to assist or enhance cleaning performance, for treatment of the substrate to be cleaned, or 
to modify the aesthetics of the cleaning composition as is the case with perfumes, 
colorants, dyes or the like. It is understood that such adjuncts are in addition to the 
enzymes of the present invention, hydrogen peroxide and/or hydrogen peroxide source 
and material comprising an ester moiety. The precise nature of these additional 
components, and levels of incorporation thereof, will depend on the physical form of the 
composition and the nature of the cleaning operation for which it is to be used. Suitable 
adjunct materials include, but are not limited to, surfactants, builders, chelating agents, 
dye transfer inhibiting agents, deposition aids, dispersants, additional enzymes, and 
enzyme stabilizers, catalytic materials, bleach activators, bleach boosters, preformed 
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peracids, polymeric dispersing agents, clay soil removal/anti-redeposition agents, 
brigjiteners, suds suppressors, dyes, perfumes, structure elasticizing agents, fabric 
softeners, carriers, hydrotropes, processing aids and/or pigments. In addition to the 
disclosure below, suitable examples of such other adjuncts and levels of use are found in 
5 U.S. Patent Nos. 5,576,282, 6,306,812, and 6,326,348, herein incorporated by reference. 
The aforementioned adjunct ingredients may constitute the balance of the cleaning 
compositions of the present invention. 

Surfactants - The cleaning compositions according to the present invention may 
comprise a surfactant or surfactant system wherein the surfactant can be selected from 
10 nonionic surfactants, anionic surfactants, cationic surfactants, ampholytic surfactants, 
zwitterionic surfactants, semi-polar nonionic surfactants and mixtures thereof. 

The surfactant is typically present at a level of from about 0. 1% to about 60%, 
from about 1% to about 50% or even from about 5% to about 40% by weight of the 
subject cleaning composition. 
1 5 Bnildms - The cleaning compositions of the present invention may comprise one 

or more detergent builders or builder systems. When a builder is used, the subject 
cleaning composition will typically comprise at least about 1%, from about 3% to about 
60% or even from about 5% to about 40% builder by weight of the subject cleaning 
composition. 

20 Builders include, but are not limited to, the alkali metal, ammonium and 

alkanolammonium salts of polyphosphates, alkali metal silicates, alkaline earth and alkali 
metal carbonates, aluminosilicate builders polycarboxylate compounds, ether 
hydroxypolycarboxylates, copolymers of maleic anhydride with ethylene or vinyl methyl 
ether, 1, 3, 5-trihydroxy benzene-2, 4, 6-trisulphonic acid, and carboxymethyloxysuccinic 

25 acid, the various alkali metal, ammonium and substituted ammonium salts of polyacetic 
acids such as ethylenediamine tetraacetic acid and nitrilotriacetic acid, as well as 
polycarboxylates such as mellitic acid, succinic acid, citric acid, oxydisuccinic acid, 
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polymaleic acid, benzene 1,3,5-tricarboxyIic acid, carboxymethyioxysuccinic acid, and 
soluble salts thereof. 

Chelating Agfnts - The cleaning compositions herein may contain a chelating 
agent, Suitable chelating agents include copper, iron and/or manganese chelating agents 
5 and mixtures thereof. 

When a chelating agent is used, the cleaning composition may comprise from 
about 0.1 % to about 1 5% or even from about 3.0% to about 10% chelating agent by 
weight of the subject cleaning composition. 

Deposition Aid - The cleaning compositions herein may contain a deposition aid. 
1 0 Suitable deposition aids include, polyethylene glycol, polypropylene glycol, 

polycarboxjdate, soil release polymers such as polytelephthalic acid, clays such as 
Kaolinite, montmorillonite, atapulgite, iilite, bentonite, halloysite, and mixtures thereof. 

Dye Transfer Inhibiting Agmts - The cleaning compositions of the present 
invention may also include one or more dye transfer inhibiting agents. Suitable 
15 polymeric dye transfer inhibiting agents include, but are not limited to, 

polyvinylpyrrolidone polymers, polyamine N-oxide polymers, copolymers of N- 
vinylpyrrolidone and N-vinylimidazole, polyvinyloxazolidones and polyvinylimidazoles 
or mixtures thereof. 

When present in a subject cleaning composition, the dye transfer inhibiting agents 
20 may be present at levels from about 0.0001% to about 10%, from about 0.01% to about 
5% or even from about 0.1% to about 3% by weight of the cleaning composition. 

Dispersants - The cleaning compositions of the present invention can also contain 
dispersants. Suitable water-soluble organic materials include the homo- or co-polymeric 
acids or their salts, in which the polycarboxylic acid comprises at least two carboxyl 
25 radicals separated from each other by not more than two carbon atoms. 

RnTymfiS - The cleaning compositions can comprise one or more detergent 
enzymes which provide cleaning performance and/or fabric care benefits. Examples of 
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suitable enzymes include, but are not limited to, hemicellulases, peroxidases, proteases, 
cellulases, xylanases, lipases, phospholipases, esterases, cutinases, pectinases, 
keratinases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, 
pullulanases, tannases, pentosanases, malanases, B-glucanases, arabinosidases, 
hyaluronidase, chondroitinase, laccase, and amylases, or mixtures thereof. A typical 
combination is cocktail of conventional applicable enzymes like protease, lipase, cutinase 
and/or cellulase in conjunction with amylase. 

Rnzymfi Stabilizers - Enzymes for use in detergents can be stabilized by various 
techniques. The enzymes employed herein can be stabilized by the presence of water- 
soluble sources of calcium and/or magnesium ions in the finished compositions that 
provide such ions to the enzymes. 

Catalytic Metal Cnmplftrpts - The cleaning compositions of the present invention 
may include catalytic metal complexes. One type of metal-containing bleach catalyst is a 
catalyst system comprising a transition metal cation of defined bleach catalytic activity, 
such as copper, iron, titanium, ruthenium, tungsten, molybdenum, or manganese cations, 
an auxiliary metal cation having little or no bleach catalytic activity, such as zinc or 
aluminum cations, and a sequestrate having defined stability constants for the catalytic 
and auxiliary metal cations, particularly ethylenediaminetetraacetic acid, 
ethylenediaminetetra (methylenephosphonic acid) and water-soluble salts thereof. Such 
catalysts are disclosed in U.S. 4,430,243. 

If desired, the compositions herein can be catalyzed by means of a manganese 
compound. Such compounds and levels of use are well known in the art and include, for 
example, the manganese-based catalysts disclosed in U.S. 5,576,282. 

Cobalt bleach catalysts useful herein are known, and are described, for example, 
in U.S. 5,597,936; and U.S. 5,595,967. Such cobalt catalysts are readily prepared by 
known procedures, such as taught for example in U.S. 5,597,936, and U.S. 5,595,967. 
Compositions herein may also suitably include a transition metal complex of a 
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macropolycyclic rigid ligand - abreviated as "MRL". As a practical matter, and not by 
way of limitation, the compositions and cleaning processes herein can be adjusted to 
provide on the order of at least one part per hundred million of the active MRL species in 
the aqueous washing medium, and will preferably provide from about 0.005 ppm to about 
5 25 ppm, more preferably from about 0.05 ppm to about 10 ppm, and most preferably from 
about 0.1 ppm to about 5 ppm, of the MRL in the wash liquor. 

Preferred transition-metals in the instant transition-metal bleach catalyst include 
manganese, iron and chromium. Preferred MRL's herein are a special type of ultra-rigid 
ligand that is cross-bridged such as 5,12-diethyl-l,5,8,12-tetraazabicyclo[6.6^] 
10 hexadecane. 

Suitable transition metal MRLs are readily prepared by known procedures, such as 
taught for example in WO 00/332601, and U.S. 6,225,464. 

MethrvH nfTTcq 

1 5 The cleaning compositions disclosed herein of can be used to clean a situs inter 

alia a surface or fabric. Typically at least a portion of the situs is contacted with an 
embodiment of Applicants' cleaning composition, in neat form or diluted in a wash 
liquor, and then the situs is optionally washed and/or rinsed. For purposes of the present 
invention, washing includes but is not limited to, scrubbing, and mechanical agitation. 

20 The fabric may comprise most any fabric capable of being laundered in normal consumer 
use conditions. The disclosed cleaning compositions are typically employed at 
concentrations of from about 500 ppm to about 15,000 ppm in solution. When the wash 
solvent is water, the water temperature typically ranges from about 5 °C to about 90 °C 
and, when the situs comprises a fabric, the water to fabric mass ratio is typically from 

25 about 1 : 1 to about 30: 1 . 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
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construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviations apply: 
°C (degrees Centigrade); rpm (revolutions per minute); H 2 0 (water); HC1 (hydrochloric 
acid); aa (amino acid); bp (base pair); kb (kilobase pair); kD (kilodaltons); gm (grams); 
ug and ug (micrograms); mg (milligrams); ng (nanograms); ul and ul (microliters); ml 
(milliliters); mm (millimeters); nm (nanometers); pm and um (micrometer); M (molar); 
mM (millimolar); uM and uM (microraolar); U (units); V (volts); MW (molecular 
weight); sec (seconds); min(s) (minute/minutes); hr(s) (hour/hours); MgCh (magnesium 
chloride); Nad (sodium chloride); ODaso (optical density at 280 nm); ODeoo (optical 
density at 600 nm); PAGE (polyacrylamide gel electrophoresis); EtOH (ethanol); PBS 
(phosphate buffered saline [150 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); 
SDS (sodium dodecyl sulfate); Tris (tris(hydroxymemyl)aminomethane); TAED. 
(N^,N'N , -tetraacetyle%lenediamine); w/v (weight to volume); v/v (volume to volume); 
Per (perhydrolase); per (perhydrolase gene); Ms (M smegmatis); MS (mass 
spectroscopy); BRAIN (BRAIN Biotechnology Research and Information Network, AG, 
Zwingenberg, Germany); TIGR (The Institute for Genomic Research, Rockville, MD); 
AATCC (American Association of Textile and Coloring Chemists); WFK (wfk 
Testgewebe GmbH, Bruggen-Bracht, Germany); Amersham (Amersham Life Science, 
Inc. Arlington Heights, IL); ICN (ICN Pharmaceuticals, Inc., Costa Mesa, CA); Pierce 
(Pierce Biotechnology, Rockford, EL); Amicon (Amicon, Inc., Beverly, MA); ATCC 
(American Type Culture Collection, Manassas, VA); Amersham (Amersham Biosciences, 
Inc., Piscataway, NJ); Becton Dickinson (Becton Dickinson Labware, Lincoln Park, NJ); 
BioRad (BioRad, Richmond, CA); Clontech (CLONTECH Laboratories, Palo Alto, CA); 
Difco (Difco Laboratories, Detroit, MI); GIBCO BRL or Gibco BRL (Life Technologies, 
Inc., Gaithersburg, MD); Novagen (Novagen, Inc., Madison, WI); Qiagen (Qiagen, Inc., 
Valencia, CA); Invitrogen (Invitrogen Corp., Carlsbad, CA); Genaissance (Genaissance 
Pharmaceuticals, Inc., New Haven, CT); DNA 2.0 (DNA 2.0, Menlo Park, CA); MIDI 
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(MIDI Labs, Newark, DE) InvivoGen (InvivoGen, San Diego, CA); Sigma (Sigma 
Chemical Co., SL Louis, MO); Sorvall (Sorvall Instruments, a subsidiary of DuPont Co., 
Biotechnology Systems, Wflmington, DE); Stratagene (Stratagene Cloning Systems, La 
Jolla, CA); Roche (Hoffmann La Roche, Inc., Nutley, NJ); Agilent (Agilent 
Technologies, Palo Alto, CA); Minolta (Konica Minolta, Ramsey, NJ); and Zeiss (Carl 
Zeiss, Inc., Thomwood, NY). 

In the following Examples, various media were used. "TS" medium (per liter) 
was prepared using Tryptone (1 6 g) (Difco), Soytone (4 g) (Difco), Casein hydrolysate 
(20 g) (Sigma), KzHP0 4 (10 g), and d IfcO (to 1 L). The medium was sterilized by 
autoclaving. Then, sterile glucose was added to 1.5% final concentration. Streptomyces 
Production Medium (per liter) was prepared using citric acid(H 2 0) (2.4 g), Biospringer 
yeast extract (6 g), (NH 4 )2S0 4 (2.4 g), MgS0 4 -7 H2O (2.4 g), Mazu DF204 (5 ml), trace 
elements (5 ml). The pH was adjusted to 6.9 with NaOH. The medium was then 
autoclaved to sterilize. After sterilization, CaCl 2 -2 H2O (2 mis of 100 mg/ml solution), 
KH2P0 4 (200 ml of a 13% (w/v) solution at pH6.9), and 20 mis of a 50% glucose 
solution were added to the medium. 

In these experiments, a spectrophotometer was used to measure the absorbance of 
the products formed after the completion of the reactions. A reflectometer was used to 
measure the reflectance of the swatches. Unless otherwise indicated, protein 
concentrations were estimated by Coomassie Plus (Pierce), using BSA as the standard. 


EXAMPLE 1 
Enzyme Analysis 

In this Example, methods to assess enzyme purity and activity used in the 
subsequent Examples and throughout the present Specification are described. 
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Enzyme Activity Assay (pNB Assay) 

This activity was measured by hydrolysis of /Miitrophenyibutyrate. The reaction 
mixture was prepared by adding 10 ul of 1 00 mM /r-nitrophenylbutyrate in 
5 dimethylsulfoxide to 990 ml of 1 00 mM Tris-HCl buffer, pH 8.0 containing 0. 1 % triton 
X-100. The background rate of hydrolysis was measured before the addition of enzyme 
at 410 nm. The reaction was initiated by the addition of 10 ul of enzyme to 990 ml of the 
reaction and the change of absorbance at 41 0 nm was measured at room temperate 
(-23 °C). The background corrected results are reported as SAWmin/ml or 
10 5A4io/min/mg protein. 

Transesterification 

Transesterification was measured by GC separation of products in buffered 
aqueous reactions. Reactions to measure ethyl acetate transesterification with propanol 

1 5 contained in 1 ml of 50 mM KP04, pH 7.0; 200 mM ethyl acetate, 200 mM 1 -propanol, 
and enzyme. Reactions to measure ethyl acetate transesterification with neopentyl glycol 
(NPG) contained in 1 ml of 50 mM KP04, pH 7.0; 303 mM ethyl acetate, 100 mM NPG, 
and enzyme. The reactions were incubated at the indicated temperatures and for the 
indicated times. Separations were preformed using a 30M FFAP column (Phenomenex). 

20 The inlet split ratio was approximately 1 :25, the injector was 250°C, head pressure of 10 
psi He, and detection was by FED at 250°C. The chromatography program was 40°C 
initial for 4 min, followed by a gradient of 1 5°C/min to 1 80°C. Components eluted in the 
following order and were not quantified; ethyl acetate, ethyl alcohol, propyl acetate, 
propyl alcohol, acetic acid, NPG diacetate, NPG monoacetate, and NPG. 


Perhydrolase Used in Crystallography Studies 

This perhydrolase preparation was used for crystallography studies. In addition, 
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unlabelled protein was grown and purified in similar manner. A 500 ml preculture of E. 
coli BL21(DE3)/pLysS/pMSATNcol-l was grown in a baffled 2.8 L Fernbach flask on 
LB containing 100 ug/ml carbenicillin. After overnight culture at 37°C and 200 rpm on a 
rotary shaker, the cells were harvested by centrifugation and resuspended in M9 medium 
5 containing: glucose, 2 g/L; Na 2 HP0 4 , 6 g/L; KH2PO4, 3 g/L; NH4CI, 1 g/L; NaCl, 0.5 
g/L; thiamine, 5 mg/L; MgS0 4 , 2 mM; CaCh, 100 uM; Citric acid.H 2 0, 40 mg/L; 
MnS0 4 .H 2 0, 30 mg/L; NaCl, 10 mg/L; FeSCWKbO, 1 mg/L; CoCl 2 #6H 2 0, 1 mg/L; 
ZnS0 4 »7H 2 0, 1 mg/L; CuS0 4 #5H 2 0, 100 ug/L; H 3 B0 3 »5H 2 0, 100 ug/L; and 
NaMo0 4 »2H 2 0, 100 ug/L; and supplemented with carbenicillin, 100 mg/L. The 

10 resuspended cells were used to inoculate six Fernbach flasks containing 500 ml each of 
M9 medium supplemented with carbenicillin (1 00 mg/L). The cultures were incubated at 
20°C and 200 rpm on a rotary shaker until the ODeoo reached about 0.7 at which time 
100 mg/L of lysine, threonine, and phenylalanine and 50 mg/L of leucine, isoleucine, 
valine, and selenomethionine were added. After further incubation for 30 min, IPTG was 

15 added to a final concentration of 50 uM. The cultures were then incubated overnight 

(-1 5hr) and harvested by centrifugation. The cell pellet was washed 2 times with 50 mM 
KP0 4 buffer, pH 6.8. The yield was 28.5 gm wet weigjit of cells to which was added 1 14 
ml of 100 mM KP0 4 buffer, pH 82 and 5 mg of DNase. This mixture was frozen at - 
80°C and thawed 2 times. 

20 The thawed cell suspension was lysed by disruption in a French pressure cell at 

20K psi. The unbroken cells and cell membrane material were sedimented by 
centrifugation at 100K times g for 1 hour. The supernatant crude extract, 128 ml (CE) 
was then placed in a 600 ml beaker and stirred for 10 minutes in a 55°C water bath to 
precipitate unstable proteins. After 10 min the beaker was stirred in ice water for 1 min 

25 followed by centrifugation at 15K times g for 15 min. The supernatant from this 

procedure, HT, contained 1 18 ml. The HT extract was then made 20% saturating in 
(NHt)2S0 4 by the slow addition of 12.7 g of (NH 4 ) 2 S0 4 . This was loaded on to a 10 cm 
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X 1 1.6 cm Fast Flow Phenyl Sepharose (Pharmacia) column equilibrated inlOO mM 
KP0 4 buffer, pH 6.8, containing 20% saturation (109 g/L) (NH^SCU. After loading the 
extract the column was washed with 1 700 ml of starting buffer and eluted with a two step 
gradient The first step was a linear 1 900 ml gradient from start buffer to the same buffer 
5 without (NBO2SO4, the second was a 500 ml elution with 1 00 mM KPO4, pH 6.8 

containing 5% EtOH. Active fractions, 241 ml, were pooled, diluted 100 % with water 
and loaded onto a 1 .6 mm X 16 mm Poros HQ strong anion exchange column 
equilibrated in 100 mM Tris-HCl, pH 7.6. After loading the extract, the column was 
washed with 5 column volumes of starting buffer. The protein was eluted with a 1 5 
10 column volume gradient from start buffer to start buffer containing 1 75 mM KC1. The 

active fractions were pooled and concentrated using a Centriprep 30 (Millipore) to 740 \il 
Figure 6 provides a purification table showing the enzyme activity of the enzyme of the 
present invention through various steps in the purification process. 

The present application must be used to determine the respective values of the 
1 5 parameters of the present invention. 

Unless otherwise noted, all component or composition levels are in reference to 
the active level of that component or composition, and are exclusive of impurities, for 
example, residual solvents or by-products, which may be present in commercially 
available sources. 

20 Enzyme components weights provided herein are based on total active protein. 

All percentages and ratios were calculated by weight unless otherwise indicated. All 
percentages and ratios were calculated based on the total composition unless otherwise 
indicated. 


25 
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Determination of Ratio Between Peracid and Acid Formation 
In this Example, methods for determining the ratio of perhydrolysis to hydrolysis 
are described. In particular, this Example provides methods for determining the ratio 
between peracid formation (ie. F perhydrolysis) and acid formation (i.e. t hydrolysis) 
5 resulting from enzyme activity on an ester substrate in the presence of peroxide in an 
aqueous system. 


A. Determination nf Perhydrolysis to Hydrolysis Ratin 
10 Preparation of Substrate 

The substrates were prepared as described herein. Ethyl acetate (EtOAc) and other 
water soluble esters were diluted in a desired buffer to a concentration of 10 mM of ester. 
Tributyrin and other water insoluble substrates were prepared by making substrate 
swatches. Polyester swatches were cut from non-dyed polyester fabric (Polycotton, PCW 
15 22) using a 5/8 inch punch and placed in a 24-well microliter plate (Costar, Cell Culture 
Plate). The insoluble ester was diluted to 1 .03 M in hexane. Then, 10 pL of the insoluble 
ester solution were then adsorbed onto the polyester swatch. 

Determination of Hydrolysis (GC Assay) 

20 The hydrolytic assay described below was used to determine the amount of 

substrate hydrolysis. In this assay, the assay solution was comprised of 50 mM potassium 
phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, and 20 mM 
potassium chloride in a total volume of 0.99ml and an amount of enzyme that would 
generate 20 nmoles of acetic acid per minute at 25°C. 

25 For measuring water insoluble ester hydrolysis, the reaction mixture was added to 

the insoluble ester fabric swatch. The swatch was prepared as described above 
("Preparation of Substrate"). All the other conditions for the assay were the same except 
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for exclusion of other ester substrates. 

Hydrolytic activity was measured by monitoring the increase of acids generated by 
the enzyme from acyl donor substrates using gas chromatography coupled with flame 
ionization detection. The assay was conducted by first pipetting 50 jiL of assay solution 
5 containing all the components except the enzyme into 200 mL of methanol (HPLC 

grade) to determine the amount of acid in the assay solution at time 0. Then, 10 \xL of 
enzyme were added to the assay solution to a desired final concentration which produced 
approximately 20 nanomoles of acid per minute. A timer was started and 50 nL aliquots 
were taken from the assay solution and added to 200 of methanol at various times, 

10 typically 2, 5, 10, 15, 25, 40, and 60 minutes, after addition of the enzyme. 

These methanol-quenched samples were then injected into a gas chromatograph 
coupled with a flame ionization detector (Agilent 6890N) and analyzed for hydrolytic 
components, acetic, and butyric acids. Gas chromatography was conducted using a 
nitroterephthalic acid modified polyethylene glycol column (Zebron FFAP; with 

15 dimensions: 30 m long, 250 um diameter, 250 nm film thickness). A 3 fiL aliquot of 

sample was applied to the column by a splitless injection under constant a helium flow of 
1 .0 mL/minute. The inlet was maintained at a temperature of 250°C and was purged of 
any remaining sample components after 2 minutes. When analyzing acetic acid, the 
temperature of the column was maintained at 75*C for 1 minute after injection, increased 

20 25°C/minute to 1 00°C, then increased 1 5°C/minute to 200°C. 

When analyzing butyric acid, the temperature of the column was controlled as 
described above, except the temperature was additionally increased 25°C/minute to 
225°C and held at 225°C for 1 minute. The flame ionization detector was maintained 
throughout the chromatography at 250°C and under constant hydrogen flow of 25 

25 mL/minute, air flow of 200 mL/minute, and a combined column and makeup helium flow 
of 30 mL/minute. The amount of hydrolyzed acid in the sample was then determined by 
integrating the acid peak in the chromatogram for total ion counts and calculating the acid 
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from the ion count using a standard curve generated under the above conditions for acetic 
and butyric acids at varying concentrations in the assay solution (without enzyme). 

Determination of Perhydrolysis (OPD Assay) 

The perhydrolytic activity assay described below was used to determine the 
amount of peracid formed in the reaction. In these assays, the solution comprised 50 mM 
potassium phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, 20 mM 
potassium chloride, and 10 mM O-phenylenediamine. 

When using water insoluble ester as the acyl donor, an ester adsorbed fabric 
swatch was used as the substrate, prepared as described above ("Preparation of 
Substrate"). 

Perhydrolytic activity was measured by monitoring the absorbance increase at 458 
nm of oxidized O-phenylenediamine (OPD) by peracid generated with the enzyme. The 
perhydrolytic activity assay solution was prepared in the same manner as the hydrolytic 
activity assay solution, except that OPD was added to the assay solution to a final 
concentration of 1 OmM. The OPD solution was prepared immediately before conducting 
the assay by dissolving 72mg OPD (Sigma-Aldrich, dihydrochloride) in 19.94 mL of the 
same buffer and the pH was adjusted by slowly adding 60 of 13.5 M potassium 
hydroxide. The pH was measured and if needed, small quantities of potassium hydroxide 
were added to return the pH to the original pH of the buffer. Then, 495 yL of this OPD 
solution were added with the other assay components to a final assay volume of 0.990 
mL. An assay quenching solution was also prepared by dissolving 36mg OPD in 20 mL 
100 mM citric acid and 70% ethanol. 

The assay was typically conducted at 25°C. The assay was started by pipetting 
100 pL of assay solution before the addition of the enzyme into 200 ^L of quenching 
solution to determine the amount of perhydrolytic components and background 
absorbance in the assay solution at time 0. Then, 10 pL of enzyme were added to the 
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assay solution to a desired final concentration which produced approximately 10 
nanomoles of peracid per minute. A timer was started and 100 uL aliquots were taken 
from the assay solution and added to 200 uL of quenching solution at various times, 
typically 2, 5, 10, 15, 25, 40, and 60 minutes, after adding the enzyme. The quenched 
assay solutions were incubated for 30 minutes to allow any remaining peracid to oxidize 
the OPD. Then, 100 uL of each quenched assay solution was transferred to a 96-well 
microtiter plate (Costar) and the absorbance of the solution was measured at 458 nm by a 
spectrophotometric plate reader (Molecular Devices, SpectraMAX 250). The amount of 
peracid in each quenched sample was calculated using a standard curve generated under 
the above conditions with peracetic acid at varying concentrations in the assay solution 
(without enzyme). 


Perhydrolysis /Hydrolysis ratio: 

Perhydrolysis/ Hydrolysis ran'o= Perhydrolysis measured in the Perhydrolysis 
assay/(Total acid detected in the hydrolysis assay-Perhydrolysis measured in the 
perhydrolysis assay) 

The results of these experiments are provided in Figures 7, 10 and Figure 1 1. 
Figure 7 provides a graph which shows the ratio of perbutyric acid to butyric acid 
generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 
40 minutes. Figure 10 shows the ratio of perbutyric acid to butyric acid generated by 
various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 4, 10, and 30 
minutes. Figure 1 1 shows the ratio of peracetic acid to acetic acid generated by various 
enzymes from 1 0 mM triacetin and 29 mM hydrogen peroxide in 4 and 1 0 minutes. The 
results obtained in these experiments indicated thatM smegmatis perhydrolase 
homologues exhibited a ratio above 1 in the OPD/GC assays described above, while other 
classes of enzymes exhibited ratios significantly below 1 . 
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Table 2-lprovides data showing the perhydrolysis activity of various homologues 
described herein on triacetin, as compared to the wild-type M. smegmatis perhydrolase. 
The results provided in Table 2-2 indicate that the perhydrolase has activity over a broad 
range of substrates. In addition to the results provided in these Tables, Figures 8 and 9 
provide data showing that the perhydrolase of the present invention has broad pH and 
temperature range activities. 


Table 2-1. Perhydrolysis Activity of Perhydrolase 
Homologues on Triacetin as Compared to M. 
smeematis perhydrolase 

Experiment 

Protein 

Perhydrolysis 
Ratio 

(homolog to 
perhvdrolase) 

A. 




DET26 Mlo 

0.6 


r>ET26b Mbo 

0.87 


DET26 Smell 

2.1 


pET26b Stm 

0.17 


pLO Smel 

0.7 


Perhydrolase 

1.0000 


Blank 

0.0660 




B. 

DET26 S261 M2aA12 

1.5 


Perhvdrolase 

1 


Blank 

0.3 




C. 

Det26 M40cD4 

0.14 


oet26 M44aA5 

0.16 


Perhvdrolase 

1 


Blank 

0.01 


Table 2-2. Peracid Production by 1 ppm Wild-Type 
Perhydrolase with 29 mM H202 and Various Esters 

nmol Peracetic Acid / min 
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Ester 

lOmM of 

lOmM of 

lOmM of Ester 


Ester with 

Ester 

on Polycotton 


0.5% 


Swatch 


Neodol 



Ethyl Acetate 


5.00 


Butyl Acetate 

8.06 

8.72 


Hexyl Acetate 

7.96 

5.86 


Octyl Acetate 

8.03 

0.48 


Ethyl Propionate 

0.90 

1 43 


Butvl Propionate 

2.47 

3 39 


Hexyl Propionate 

4.00 

2.66 


Isoamvl Acetate 

7 83 



Citronellyl Acetate 

7.25 


4 27 

CH tunnel 1 v! 



3 71 

PtTfvnion ate 




Dodecyi Acetate 

3.95 


0 19 

Neodol 23-3 

2.25 


R 11 

Acetate 




Neodol 23-6.5 

2.73 


10.12 

Acetate 




Neodol 23-9 

2.97 


10.20 

Acetate 




Ethylene Glycol 

13.30 



Diacetate 




Propylene Glycol 

13.17 



Diacetate 




Triacetin 

11.91 



Tributyrin 

0.66 


2.70 

Ethyl 

0.49 



Methoxyacetate 




Linalyl Acetate 

0.30 



Ethyl Butyrate 

0.31 



Ethyl Isobutyrate 

0.10 



Ethyl 2- 

0.11 



methylbutyrate 




Ethyl Isovalerate 

0.37 



Diethyl Maleate 

0.75 



Ethyl Glycolate 

1.91 
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& Ivnical Perhyrirftlflse Perartrl HpnPr^nTi Agcgy 

5 Perhydrolase is active over a wide pH and temperature range and accepts a wide 

range of substrates for acyl transfer. Acceptors include water (hydrolysis), hydrogen 
peroxide (perhydrolysis) and alcohols (classical acyl transfer). For perhydrolysis 
measurements enzyme was incubated in the buffer of choice at a specified temperature 
with a substrate ester in the presence of hydrogen peroxide. Typical substrates used to 

10 measure perhydrolysis include ethylacetate, triacetin, tributyrin, ethoxyiated neodol 

acetate esters, and others. In addition, the wild type enzyme was found able to hydrolyze 
nitrophenylesters of short chain acids. The latter are convenient substrates to measure 
enzyme concentration. In some embodiments, peracid acid and acetic acid were 
measured by the ABTS or HPLC assays as described below. Nitrophenylester hydrolysis 

15 is also described below. 

£ ARTS Assay fnno mflHHtor)- 

This assay provides a determination of peracetic acid produced by perhydrolase. 
This protocol was adapted from Karst et aL, Analyst, 122:567-571 [1997]). Briefly, a 
20 100 jiL aliquot of solution to be analyzed was added to 1 mL 125 mM K + citrate pH 5, 1 
mM ABTS, 50 jiM KI. Absorbance was measured at 420 nm for highest sensitivity. 
However, multiple additional wavelengths were sometimes used over the broad 
absorption spectrum of ABTS. Calibration curves were constructed based on known 
peracid concentration series. 

25 

B- HPl ,C (Model - APllpnt 1100^ Determination nf Por l iyHrnl^ IWri™ 

Products * 

For determination of the ratio of perhydrolysis to hydrolysis of the perhydrolase 
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reaction, pexhydrolase reaction samples were quenched by acidification to a final 
concentration of 0.24% methanesulfonic acid, and the products were separated by reverse 
phase HPLC on a Dionex OA column (cat #062903; Dionex Corporation, Sunnyvale, 
CA). The mobile phase was 100 mM NaPC>4, pH 3.9 (buffer was prepared by titrating 
100 mM Na2P(>4 with methanesulfonic acid to pH 3.9) run under isocratic conditions at 

30 C Detection was at 210 inn. Concentrations of products were calculated by 
comparison of the integrated peak areas against calibration standards. 

E. NitrnphMiylesfer Hydrolysis TCinPfir Assay 

Enzyme and substrate were incubated in 100 mM Tris/HCl pH 8.0 (or 50 mM 
B(OH>3 pH 9.5 or another buffer). Absoibance at 402 nm was monitored. In some 
experiments, the assay was carried out in standard 1 mL cuvettes, while in other 
experiments, microtiter plate wells were used. The latter method was used for the 
screening of mutant libraries. Enzyme concentration was determined by comparison to 
standard curves obtained under the same reaction conditions. 


E- Para-nifrophenylpflprnfltP Hydrolysis Assay 

The pNC6 substrate solution was prepared by mixing ImM pNC6 (1 00 mM stock 
solution), 1 ml DMSO, 19 mis lOOmM Phosphate (pH8), and glycerol to a final 
concentration of 10%. To assay samples, 10 pi of the cell lysate were added to 190 jil of 
the substrate solution, and assayed at 405 nm for 15 minutes in a spectrophotometer. The 
results are presented as the average of two experiments. 

£L Para-nitrnnhffnvl Acetate (pNA^ TTydrnlysis Assay 

Aliquots of the lysed cell supernatant were diluted 1-100 in 100 mM phosphate 
buffer (pH 8). To assay the samples, 5 \il of the 1-100 diluted cell supernatant were 
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placed into each well of a microtiter plate. Then, 195 jil of reaction buffer/substrate mix 
(1 mM pNA, 100 mM phosphate, pH 8, 10% glycerol ) were added, and the absorbance 
rate at 405 nm was measured over 3 minutes (kinetics program, microtiter plate reader). 
The results are presented as the average of two experiments. 


EXAMPLE 3 
Assays Including Detergent Compositions 

In this Example, assay systems used to screen for superior perhydrolase activity in 
detergents with particular substrates are provided. These assays include those that 
measure peracid degradation of perhydrolase, as well as the peracid synthesis activity of 
the enzyme. 


1 5 Materials and Methods for Peracetic Acid Formation (PAF) and Peracetic Acid 
Degradation (PAD) Assays 

This section provides the materials and methods used to screen for a superior 
perhydrolases in Ariel with C9E20AC ester substrate 

20 

Materials * 

Ariel Futur without bleach, perfume, or enzymes (P&G, Ariel "C") 

C9E20Ac(P&G) 

30% Hydrogen Peroxide (Sigma) 
25 32% Peroxyacetic acid ("peracid", PAA)(Sigma cat#) MW = 76.05; 4.208M 

Citric Acid, anhydrous MW=1 92. 1 2 

Potassium Hydroxide MW=56.1 1 

ABTS (Sigma cat# A1888) MW=548.68 

Potassium Iodide MW=166.0 
30 Potassium Phosphate , mono and di-basic 

Stock solutions* 
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Ariel detergent stock: Ariel Futur without bleach, perfume, or enzymes ("Arid O 9 ) was 
dissolved in water to 6.72 g/L. It was stirred at room temp for 30 minutes, then allowed 
to settle. Then, it was divided into convenient aliquots and stored at 4°C, until used. 
5 When made and used fresh, the solution was filtered, instead of settled 

100 mM C9E20Ac in Ariel detergent stock: First, 30 jd C9E20Ac was added to 970 \il 
Ariel detergent stock, using a positive displacement pipet. It was sonicated in a bath 
sonicator until a milky dispersion was formed (15-60 seconds). The dispersion was stable 
1 0 for about two hours. When used, 1 0 |d of dispersion per ml of reaction mix were used. 

42 mM Peroxyacetic acid stock: Right before use, the Sigma 32% PAA solution was 
diluted U\ 00 in water. Then 5.7 \sl of the 42 mM stock per ml of reaction mix was 
added. 

15 

2 M hydrogen peroxide: One ml of 30% Sigma hydrogen peroxide was added to 3,41 
ml water. This solution was prepared fresh, right before use. It was used at 10 *d per ml 
of reaction mix. 

20 125 mM Citrate buffer pH 5.0: This was prepared to 24.0 grams per liter. It was made 
up in 800 ml, and titrated to pH 5.0 with 50% KOH. The volume was adjusted to 1 liter 
and stored at room temperature. 

100 mM ABTS stock: This was prepared using 549 mg of ABTS in 10 ml of water. It 
25 was frozen at — 80°C, in convenient aliquots in opaque Eppendorf tubes. The stock was 
stable indefinitely when kept frozen in the dark. ABTS will precipitate when thawed 
from -80°C but goes back into solution upon mixing. In use, 10 fll of ABTS stock was 
used per ml of ABTS reagent 

30 250 mM KJ: This was prepared as 415 mg in 10 ml water. It was kept at 4"C. It was 
diluted to 25 mM working stock, and 2 ul of working stock was used per ml of ABTS 
reagent. 

25 mM Potassium Phosphate buffer, pH 8.0: 

35 

Method: 

The night prior to performance of the assays, the plates containing lysed cells that 
40 contain perhydrolase were checked to be sure that they were frozen twice. On the day of 
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the assay, 30 to 45 minutes were allowed for the plates to thaw. The ABTS reagent was 
prepared and the Multidrop (Multidrop 384 instrument, ThermoElectron) to fill the 
detection plates with 200 |xl per well. Store the filled plates covered at room temperature 
in the dark until needed. Dilutions of the standards were prepared so that when 20 pi of 
5 the diluted standard were added to the 1 80 pi of the reaction mix, the concentration in the 
well was 1 ppm. Four 4 two-fold serial dilutions were prepared to a set of six standards: 
1, 0.5, 0.25, 0.125, and 0.0625 ppm final concentration in the wells. 

To test, 20 pi of the standards were added to the thawed 1:10 dilution plate. The 
reaction mixtures were prepared and the Multidrop used to fill one reaction plate for each 
10 plate to be assayed (1 80jil/well). Note that the reaction mixtures are different for the PAF 
and PAD assays. 

Peracid Hydrolysis (Peracid Degradation, PAD) Assay: 
15 This assay measures the amount of peracetic acid remaining after a 100 minute 

incubation with enzyme in an Ariel detergent background. The amount of peracid 
remaining is detected by reacting an aliquot of the reaction mixture with the ABTS 
detection reagent 


column of the pre-filled PAD reaction plate. A timer was started as soon as transfer 
occurred from the first column; subsequent columns were transferred at 15 second 
intervals (i.e., the last column was finished 2 min. 45 sec. after starting the first one). The 
plate was mixed for 30 seconds on the thermomixer (750 rpm, to avoid splashing). The 
25 plate was then transferred to a humidified chamber at 25°C. The plate was incubated for 
a total of 100 minutes from the time the first column of enzyme was added. At 100 
minutes incubation, the reaction plate was removed from the incubator. Then, 20 ul 


20 


In this assay, 20 pi enzyme samples from the thawed 1:10 dilution plate were 
transferred, one column at a time with an 8 channel pipetter, into the corresponding 
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aliquots of the reaction mixture were transferred to an ABTS reagent plate, in the same 
order and with the same 15 second time interval that the enzyme samples were originally 
added to the reaction plate. The ABTS plate was allowed to sit at room temperature for 
three minutes after the last column of reaction mixture was added. The plate was then 


Ariel with C9E20AC Ester Substrate 

The same materials and stock solutions described above for PAD were used in 
these experiments, as indicated below. 

15 Method: 

The methods were designed to assay 20 \il aliquots from a 1:100 dilution plate. 
The 20 pi 1:100 dilution assay plates were produced during the process of obtaining the 
protein concentrations and were stored at -80°C. The plates were thawed for about 30 to 
45 minutes before use. Dilutions of the S54V standards were prepared, so that when 2 pi 
20 of the diluted standard are added to the 20 pi of the 1 : 100 diluted cell lysate, the 

concentration in the well was 0.1 ppm. Four two-fold serial dilutions were prepared to 
produced a set of six standards: 0.1, 0.05, 0.025, 0.0125, and 0.00625 ppm final 
concentration in the wells. Then, 2 ul of the standards were added to the thawed 20 ul 
1 : 1 00 dilution assay plates in the wells indicated. 


5 


read on the spectrophotometric plate reader at 420 and 740 nm. 


Perhydrolysis (Peracid Formation, PAF) Assay 


10 


Multidrop Optimized Protocol: Screening for a Superior Perhydrolysis in 


25 


Perhydrolysis (Peracid formation, PAF) Assay: 

This assay measures the amount of peroxyacetic acid that is produced in 10 


161 


PC SS^DN-BB PCT/US2004/040438 

GC821-2 ^) f^) 


minutes from the C9E20Ac substrate in an Ariel detergent background The amount of 
peracid formed is detected after 10 minutes by reacting an aliquot of the reaction mixture 
with the ABTS detection reagent 

5 The Multidrop was used to deliver 1 80 nl/well of the PAF reaction mix to the prepared 
1 : 100 dilution plate. The timer was started and the reaction plate was placed on the 
thermomixer, with the temperature set at 25°C. The plate was covered and the solutions 
mixed for 30 seconds at 750 rpm. The plate was then allowed to rest on the thermomixer 
without mixing, for a total of 10 minutes from the time the reaction mix was added. 
10 At 10 minutes, the Multidrop was used to add 20jil/well of the lOx ABTS reagent The 
lOx reagent was a milky suspension. The thermomixer was used to briefly shake the 
plate. The ABTS reagent quickly went into solution. The plate was allowed to sit at 
room temperature for three minutes after the ABTS reagent was added. The plate was 
then read on the spectrophotometric plate reader at 420 nm. 

15 


EXAMPLE 4 
Cloning of Mycobacterium smegmatis Perhydrolase 

20 In this Example, the cloning of M. smegmatis perhydrolase is described. An 

enzyme with acyltransferase activity was purified from Corynebacterium oxydans (now 
Mycobacterium parafortuitum ATCC 1 9686). Two peptide sequences were obtained 
from the purified protein. One peptide was determined by Edman degradation from 
cyanogen bromide cleavage of the purified enzyme using methods known in the art The 

25 sequence of this peptide was determined to be KVPFFDAGSVISTDGVDGI (SEQ ID 

NO:3). The second peptide was analyzed using N-terminal sequencing and was found to 
have the GTRRILSFGDSLTWGWIPV (SEQ ID NO:4). A BLAST search against the 
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TIGR unfinished genome database identified a sequence of potential interest in 
Mycobacterium smegmatis, which is shown below: 


MAKilEXFGDSLTWGWWVEDGAPTERFAPDVRWTGVLAQQLGADFEVIEEGLS 
5 ARTT>nDDFTDPRI^GASYIJ > SCI^THIJPLDLVIIML 

MSVLVTQVLTSAGGVGTTYPAPKVLWSPPPLAPMPHPWFQLIFEGGEQKTTELA 
RVYSAIASFMKWFFDAGSVISTDGVDGfflFTEANN^LGVALAEQVRSLL (SEQ 
IDNO:2). 


1 0 The corresponding DNA sequence of the gene is: 

5'- 

ATGGCCAAGCGAATTCTGTGTTTCGGTGATTCCCTGACCTGGGGCTGGGTCCC 
CGTCGAAGACGGGGCACCCACCGAGCGGTTCGCCCCCGACGTGCGCTGGACC 
GGTGTGCTGGCCCAGCAGCTCGGAGCGGACTTCGAGGTGATCGAGGAGGGAC 

1 5 TGAGCGCGCGCACCACCAACATCGACGACCCCACCGATCCGCGGCTCAACGG 
CGCGAGCTACCTGCCGTCGTGCCTCGCGACGCACCTGCCGCTCGACCTGGTG 
ATCATCATGCTGGGCACCAACGACACCAAGGCCTACTTCCGGCGCACCCCGC 
TCGACATCGCGCTGGGCATGTCGGTGCTCGTCACGCAGGTGCTCACCAGCGC 
GGGCGGCGTCGGCACCACGTACCCGGCACCCAAGGTGCTGGTGGTCTCGCCG 

20 CCACCGCTGGCGCCCATGCCGCACCCCTGGTTCCAGTTGATCTTCGAGGGCG 
GCGAGCAGAAGACCACTGAGCTCGCCCGCGTGTACAGCGCGCTCGCGTCGTT 
CATGAAGGTGCCGTTCrTCGACGCGGGTTCGGTGATCAGCACCGACGGCGTC 
GACGGAATCCACTTCACCGAGGCCAACAATCGCGATCTCGGGGTGGCCCTCG 
CGGAACAGGTGCGGAGCCTGCTGTAA-3' (SEQ ID NO:l) 

25 

Primers were designed based on the gene sequence to amplify and clone the gene. 
The primers used for amplification were: 


MsRBSF: 5'- 

30 CTAACAGGAGGAATTAACCATGGCCAAGCGAATTCTGTGTTTCGGTGATTCC 
CTGACCT-3' (SEQ ID NO:5) 
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MspetBamR: 5'- 

GCGCGCGGATCCGCGCGCITACAGCAGGCrCCGCACCTGTTCCGCGAGGGCC 
ACCCCGA-3' (SEQ ID NO:6) 

5 The amplification of the gene was done by PCR using Tag DNA polymerase 

(Roche) per the manufacturer's instructions, with approximately 500 ng of chromosomal 
DNA from Mycobacterium smegmatis as the template DNA and the addition of 1% 
DMSO to the PCR reaction mix. Thirty picomoles of each of the primers MsRBSF and 
MspetBamR were added to the mix. The amplification cycle was: 30 cycles of (95°C for 1 

10 min, 55°C for 1 min, 72°C for 1 min). 

The fragments obtained from the PCR reaction were separated on a 1.2% agarose 
gel and a single band of the expected size of 651 bp (coding sequence and stop codon) 
was identified. This band was cloned directly into the pCR2.1 TOPO cloning vector 
(Invitrogen) and transformed into E. coli Top 10 cells (Invitrogen) with selection on L 

1 5 agar (10 g/1 tryptone, 5 g/1 yeast extract, 5 g/1 NaCl, 20 g/1 agar) containing 100 
micrograms/ml caibenicillin and X-gal (20 micrograms/ml, Sigma- Aldrich) for 
blue/white selection and incubated overnight at 37°C. Five white colonies were analyzed 
for the presence of the PCR fragment Each colony was used to inoculate 5 mis of L 
broth (L agar without the addition of agar) containing 100 micrograms/ml carbenicillin 

20 and the cultures were grown overnight at 37°C with shaking at 200 rpm. Plasmid DNA 
was purified from the cultures using the Quikspin kit (Qiagen). The presence of the 
correct fragment was determined by restriction enzyme digest with EcoRl to release the 
fragment, and sequencing using primers supplied by the pCR2.1 manufacturer 
(Invitrogen). The correct plasmid was designated pMSATNcol (See, Figure 12, for the 

25 map of this plasmid)). The sequence of this plasmid is provided below 

agcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgaraggtttcccgactggaaag 

cgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcacca 

gtgtggaattgjgagcggataacaatttcacacaggaaara^ 
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actcaagctatgcatcaagcttggtaccgagctcggatccactagtaacggccgccagtgtg 


25 


30 


gcacxrtgccgctcgacctggtgatcatcatgctgg^ 
gctgggcatgtcggtgctcgtcacgcaggtgctcac^ 


gctcgcccgcgtgtacagcgcgctcg^ 

gacggaatccacttcaccgaggccaacaatcgcgatctcggggtggccctcgcggaacaggtg^^ 
10 cgaattctgcagatatccatcacactggcggccgctcgagcatgc^tctagagggcccaa 

attcactggccgtcgtmacaacgtcgtgactgggaaaaccctggcgttacccaactt^ 

cagctggcgtaatagcgaagaggcccgcaccgatcgcc^ 

acctataaaagagagagccgttatcgttf^ 

cctggccagtgcacgtctgctgtcagat^ 
15 tgaccaccgatatggccagtgtgccggfcrt^ 

cgccattaacctgatgttctggggaatataaatgtcaggcatgagattatcaaaaaggatctt 

gccagtccgcagaaacggtgctgacccc^ 

gaaagcaggtagcttgcagtgggcttacatggcgatagctagactgggcggttttat^ 
<*ggggcgccctctggtaagg#gggaagc^ 

20 gatcaagctrtgatcaagagacaggatgaggatcgmcgcatgattgaacaagatggattgcacgcaggttrtccgg 
gtggagagg<tattcggctatgacrtgggcac^ 
cgcccggttcttmgtcaagaccgacxtgtcc^ 

cgacgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaaggga^ 
aggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgc^ 
ctacctgcccattcgaccaccaagcgaaacatcgcatc^ 

atrtggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcgagcatgcccg 
cgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgc^ 
tgtggcggaccgctatcaggacatagcg^ggctacccgtgatattgctgaagagctt^ 
gtgctttacggtatcgccgctcccgatta^ 

tcctgatgcggtatmctccttacgcatctgtgcggtamcacaccgcatacaggtggca^ 
cctatttgtttattmctaaatacattcaaatotgtatc^ 
gggccaccatggccaagttgaccagtgcc^^ 

cggctcgggttctcccgggacttcgtggaggacgacttcgccggtgtggtccgggacg^ 
caggaccaggtggtgccggacaacaccctggcctgggtgtgggtgcgcggcctggacgagctgtacgrc 
35 tcgtgtccacgaacttccgggacgcctccgggccgg^ 
gcgcgacccggccggcaactgcgtgcacttcg^ 

atctaggtgaagatccttmgataatctcatgaccaaaatcccttaacgtgagtmcgttcca 

gatcaaaggatcttcttgagatcctmmctgcgcgtaatctgctgcttgcaaacaaaaaaacca^ 

gccggatcaagagctaccaactcttttte^ 

40 gtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgto 
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cgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggtte 
cacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagc^ 
aagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagc^ccaggg 
gcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgattW 
5 gaaaaacgccagcaacgcggccttmacggttcctgggc^ 
gtggataaccgtattaccgccmgagtgagctgata^ 
ggaagcggaag (SEQ ID NO: 13) 

Construction of Perhydrolase 17 Expression Plasmid 

1 0 The primer pair used to create pMSATNco 1 was also used to create an Ncol site 

(CCATGG) in which the ATG is the start codon of the acyitransferase gene and a BamHl 
(GGATCC) just after the TAA stop codon. The plasmid pMSATNco 1 was digested with 
NcoVBamHl as recommended by the manufacturer (Roche) and the 658 bp fragment 
containing the perhydrolase gene was purified using standard procedures known in the art 

15 Sambrook et a/.). The fragment was ligated using standard procedures known in the 

art (e.g., Sambrook et at.) into the T7 promoter expression plasmid, pET16b (Novagen), 
also digested with NcoVBamHl. The ligation reaction was transformed by standard 
procedures into E. coli Top 10 cells (Invitrogen) and selected on L agar containing 100 
micrograms/ml carbenicillin overnigiht at 37°C. Ten colonies were picked from the 

20 several transformants and used to inoculate 5 ml of LB containing 100 micrograms/ml 
carbenicillin. Cultures were grown overnight at 37°C with shaking at 200 rpm. Plasmid 
DNA was purified from the cultures using the Qiagen Quikspin kit (Qiagen). The 
presence of the correct fragment was determined by restriction enzyme digest with 
NcoVBamHl as directed by the manufacturer. The correct plasmid was designated 

25 pMSATNcoM (See, Figure 1 3, for the map of this plasmid). In this Figure, the 

following elements are indicated— LacI: gene encoding the Lad repressor protein, located 
at bp!455-2534, ori: plasmid origin of replication at bp 4471, bla: The ^-lactamase gene 
located at bp 6089-5232; T7 promoter: located at bpl068-1052; T7 terminator: located at 
bp 259-213, jt?er: the M. smegmatis perhydrolase gene located at 981-334. The sequence 
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of this plasmid is provided below: 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttate^ 

atctaacaatgcgctcatcgt(^tcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtac^ 
cttgcgggatatccggatatagttcctcctttc^gcaaaaaacccctcaagacccgtttagaggcccc 
5 gctcagcggtggcagcagccaactcagcttccmcgggc^gttagcagccggatccg^ 
gttccgcgagggcraccccgagatcg^ 
<xgcgtcgaagaacggcaccttcatgaacgacgcgag^ 
tcgaagatcaactggaaccaggggtgcggcatgggcgccagcggt^ 
gtgg^gccgacgccgcccgcgctggtgagcacctgcgtgacgagcaccgacatgcccagcgc^^ 
1 0 cggaagtaggccttggtgtcgttggtgcccagc^tgatgatcaccaggtcgagcggcaggtgcgtcgcga 
gtagctcgcgccgttgagccgcggatcggtgg 

tccgctccgagctgctgggccagcacaccggtccagcgcacgtcgggggcgaaccgctcggtgggtgccccg^ 

ggacccagccccaggtcagggaatraccgaaaracagaattcgctt^ 

ctagaggggaattgttatccgctcacaattcccctatagtgagtcgtattaaW^ 
15 cgcatcgtggccggcatcaccggcgccacaggtgcggttgctggcgcctatatcgccgacatcaTO 

tc^ccacttcgggctcatgagcgcttgmcggc^^ 

ttgcatgcaccattccttgcggcggcggtgctcaacggcctcaarctactart^ 

agagcgtcgagatcccggacaccatcgaatggcgcaa 

gggtggtgaatgtgaaaccagtaacgttatacgatgt^^ 
20 aggccagccacgtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaattacattccca^ 

caacaactggcgggcaaacagtcgttgctgattggcgttgccacctccagtctggccctgcacgcg 

cgattaaatctcgcgccgatcaactgggtgccagcgt^ 

cggtgcacaat^ctcgcgcaacgcgtcagtgggctgatcattaactatccgctggatgacra 
gcxtgcactaatgttccggcgttamcttgatgtctctgaccagac^ 
25 actgggcgtggagcatctggtcgcattgggtcacra^ 
gtctggctggrtggcataaatatctractcgcaatcaaa^ 
ttttcaacaaaccatgcaaatgctgaatgagggcatcgttcccactgcgatgctggttgc 
tgcgcgccattaccgagtccgggctgcgcgtt^^ 

tatcccgccgttaaccaccatcaaacaggattttcgcctgctggggc^aaccagcgtggaccgcttgctgcaactctc^ 
30 aggcggtgaagggcaatcagctgttgcccg^ctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctctc 
cccgcgcgttggcxgattcattaatgcagctggcacgacaggtttcc^^ 
gtaagttagctcactcattaggcaccgggatctcg^^ 

gggcatgactatcgtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggcagcgctctgggt^ 
ggcgaggaccgctttcgctggagcgcgacgatgatcggcctgtcgcttgcggtattcggaatcttgcacgc^ 

35 cgtcactggtcccgccaccaaacgtttcggcgagaagcaggccattatcgccggc^tggcggccgacgcgctgggctacgtctt 
gctggcgttcgcgacgcgaggctggatggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgc^ 
ccatgctgtccaggcaggtagatgacgaccatcagggacagcttcaaggatcgctcgcggctcttaccagc^ 
tggaccgctgatcg^cacggcgatttatgccgcctcggcgagcacatggaacgggttggcatggattgta 
cttgtctgcctccccgcgttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcg^ 

40 gattcaccactccaagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaacc^cccttggcagaacatatccatc 
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gcgtccgccatctccagcagccgc^cgcggcgcatctcgggcagcgttgggtcctggccacgggtgc^ 

gtcgttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcg 

ctgctgctgcaaaacgtctgcgacctgagcaac^ 

agcgccctgcaccattatgttcx^ggatctgcatcgcaggatgctgctggctaccctgtggaacac^ 
5 ctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccag^ 
tgttcatratcagtaacccgtatcgtgagcatcctctctc^ 
ggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctUatc^ 
aacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacga 
cgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagc^ 
1 0 agacaagcccgtcagggcgcgtcagcgggtgtt^^ 
gpgtatactggcttaactatgcggcatcagagcagatt^ 

aaggagaaaataccgcatcaggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggta 

tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgra^ 

aaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaa 
1 5 ctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttcc^ 

ccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcac^ 

gttcggtgtaggtcgttcgctccaagctgggctgtgtgc^cgaaccccccgttcagcccgaccgctgc 

cgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggte 

ggcggtgctaragagttcttgaagtggtggcctaart^ 
20 agttaccttcggaaaaagagttggtagctcttgatrc^ 

gattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgct^ 

agggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaat^ 

gagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctat^^ 

ctccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcac 
25 cggctccagatttatc^gcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcc 

gtctattaattgttgccgggaagctagagtaagtagttcgccagttaatag 

tgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaac^ 

agcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcact^ 

ctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagt^ 
30 agttgctcttgcccggcgtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcatt 

gggcgaaaactctcaaggatcttaccgctgttgagatccag^ 

ctttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttga 
atactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttg 
aac^ataggggttccgcgcacatttccccgaaaagtgccacctgacgtctaagaaac^ 
35 ataggcgtatcacgaggccctttcgtcttcaagaa (SEQIDNO:131) 

This plasmid was transformed into the E. coli strain BL21(XDE3)pLysS 
(Novagen), which contains the gene encoding the T7 RNA polymerase, with selection on 
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LA containing 100 micrograms/ml carbenicillin. Cells were grown overnight at 37°C. 
One transformant was selected and the strain was designated MSATNcoL 

Production of Perhydrolase in MSATNcol-1 
5 Production of perhydrolase was done in cell culture. For example, 5 ml of LB 

with carbenicillin at a concentration of 100 micrograms/ml was inoculated with a single 
colony of MSATNcol and grown overnight at 37°C with shaking at 200 rpm. This 
culture was used to inoculate 100 ml of LB with carbenicillin at a concentration of 100 
micrograms/ml (in a 250 ml baffled flask) to an ODgoo of 0. 1 . The cultures were grown at 

10 30°C with shaking at 200 rpm until they reached an ODeoo of OA The expression of the 
perhydrolase gene was then induced by the addition of 1 00 micromolar IPTG and the 
incubation continued overnight Cultures were harvested by centrifugation (10 min at 
7000 rpm, Sorvall SS34 rotor), the supernatant was removed and the pellets washed in 50 
mM KPO4, pH 6.8. The cells were centri&ged again, the supematants removed and the 

1 5 wet weight of die cells was determined. The cells were resuspended in 100 mM KPO4 in 
a volume that was 4x the wet weight. The resuspended cells were frozen at -70°C. The 
cells were thawed and lysed in a French Pressure cell using standard procedures known in 
the art. The purification steps and assessment methods are provided in Example 1. 
Figure 6 provides a purification table showing the enzyme activity of the perhydrolase of 

20 the present invention through various steps in the purification process. 

M. smegmatis Perhydrolase is in an Operon 

In additional experiments, it was determined that the M smegmatis perhydrolase 
is part of an operon. The gene iphd) is the first gene in an operon that contains at least 2 
25 genes, including phd, that are separated by 10 bp (GGCTGGGGGC [SEQ ID NO:7]) not 
including the TAA stop codon of phd. It is also possible that there are three genes in the 
operon, with the third being either 48 bp or 61 bp to the next ORF (open reading frame). 
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The latter two candidate genes have no significant homology to proteins in the database. 

A putative promoter was identified for M smegmatis phd operon, TTGGGC (-35) 
SP (1 8) CCAGAT by sequence analysis and comparison with known M. smegmatis 
promoters {See e.g., Salazar et al, Microbiol, 149:773-784 [2003]). It is not intended 
5 that the present invention be limited to any particular promoter and/or construct design, as 
it is contemplated that other promoters and construct designs will find use in tide present 
invention. 

The second gene in the phd operon encodes a protein (putative PBP-3) with the 
sequence: 

10 mhlrpaltwllwglfiswgcssspdpadr^ 

gddagatlkytwtwgegrdfgydttataaksgddwhtwsptvlte 

verahpesaaplaaHapfdpttttesvtaqlnstt^^ 

elwhdritanagwsvylvdadgapaqqltstppkdtgpvr^ 

dpqgaiafsglyppgstfktittaaaldaglatpdtpvacpgeltienrf 
1 5 altdmakdfgigvdfinvpglttvtgi^ 

lppnitdalrammrgtvtegtatalsdipdlggk^^ 

g(SEQIDNO:9) 

The corresponding DNA sequence of the gene encoding the putative PBP-3: 

20 atgcacttacgtcccgctctgacgtggctcrt^ 

accggttctcggcgttcgcx^gaggcgctgggccgc^aggatgcggccgcggcggccgcccagaccagcgatccggcgg 
gcggaggcggccatcaccgcgatgctggccgggatgggcgacgccgcgaacgtctcggtggccgccgaacccgaggaagg 
cgacgacgcgggcgcgacgctgaagtacacgtggacctggggtgagggccgcgacttcggctacgacaccaccgcgacggc 
ggccaaatccggtgacgactggctgatcacctggtcccccaccgtgttgcaccgcgacctcacc^ 

25 agcgaggacagcgaattgcagaccccggtgctcgaccgcaccggc^ 

tgtcgaacgcgcacatccggagtcggccgcaccgctcgccgccctgctggcgcccttcgatccgaccaccaccaccgaatcgg 
tcaccgcacaactcaattcgacgaccgatgaccgcgtgacggtgatgaagctgcgcgaggacgatctgggtcaggtgcgcgat 
cagctcgcgcagatccccggcgtgaccgtgcgtg^ 

cagcggcctggacgagctgtggcacgaccggatcaccgccaacgcgggctggtcggtgtacctggtcgacgccgacggtgca 
30 cccgcacaacagctcacgtccacgccgcccaaggacaccgggcrc 

cgcagcaggccgtggccaaggagacccgcccggccgtggtggtcgcgatctccggatcgaccgggggcatcctgg^ 

cacagaacxcggccgccgatccgcaaggtgcgatcgcgttte^ 

acggcggcagccctcgacgcgggcctggccaccccgga 

acgatccccaacgacgac^acttcgacxtgggcaccgtgccgttgtcgtcggcgttctcgcac^cctgc^acaccagcatgg^ 
35 gccctgtccgacgagctgccgcccaacgcactgaccgacatggcaaaggacttcgggatcggcgtcgacttcatggtgcccgg 
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cctgaccaccgtgaccggccgtgtccccaacgccgacaacgccgaxagcgtgtcgagaacggcatcggc^^ 

gaccgtcagcccgttcggcctcgccgtcgccgaggc^ 

gagaagaccacggccgacaccccgtcggtgccg^ 

gtraccgagggcacggccaccgcgttgagcgacatccccgacctgggcggcaagaccggca^ 
5 acgc&ctcgcacggctggttcgcgggcatcgc^ 

cggccgtcgcgatctcaggagacttcctgcgccccgcgctcgccggctag (SEQ ID NO:8). 

A standard BLAST search against the protein database identified homology with 
several penicillin binding proteins, class 3 (PBP-3). By sequence alignment and 

10 comparison to literature (e.g., Goffin and Ghysen, Microbiol. Mol. Biol. Rev., 66:702-38 
[2002]) the PBP was found to contain the required bar codes (conserved protein 
sequences that define a class of proteins) to place it in the SxxK superfamily of acyl 
transferases, with a C-terminal domain acyl transferase and an N-terminal domain of 
unknown function, but with homology to the Pen r (i.e., penicillin resistant) protein 

1 5 fusions of class B-like II and m. This penicillin binding protein acyl transferase domain 
does not share significant homology with the perhydrolase of the present invention, 
although it does share homology with Co-A dependent acyl transferases known in the art. 
The amino acid sequence is provided below. 


20 MHIJtPALTWLLWGLFISWGCSSSPDPAD 

AAAEAATTAMIAGMGDAANVSVAAEPEEGDDA 

TATAAKSGDDWLITWSPTVLHRDLTPDLRFQYSEDSELQTP 

TVGVITVERAHPESAAPLAALIAPFDPTTTTESW 

LGQVRDQIAQffGVTVREQGELLTADRQLSSPAISGLDELWHDRTTANAGWSV^ 

25 VDADGAPAQQLTSTPPKDTGPWTTLDL 

TGGILAAAQNPAADPQGAIAFSGLYPPGSTFKTITTAAAIJDAGIA^ 
ELTIEMITIPNDDMT)LGTWIJ5SAFSHSCNTSMAALSDELP 
VDFMWGLTTVTGRWNADNAAQRVENGIGQGTVTVSPFGI^ 
LPTLVDGEKTTADTPSWIJPPNrroALRAMMRGTVTC 

30 AEFGDNTHSHGWFAGIAGDIAFATLWGGDSSAPAVAISGDFLRPALAG (SEQ ID 
NO:10) 


The family-identifying bar codes provided in the above review were: (1 9) V (20) 
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G/A (140) PVxDRTG (142) TxDx3Q (22) TGGxLAx4PaxDP (13) SxxK (51) SCN (131) 
KTG (50) marked in bold letters in the above sequence. The letters represent the amino 
acid sequence defining the bar code; the numbers in brackets are the intervening number 
of amino acids between the particular bar codes; "x" represents any amino acid, (i.e., the 


Expression of the Perhydrolase in i\ citrea 
In this Example, methods used to express the perhydrolase in P. citrea are 
described. The plasmid pMSATNcol was transformed into P. citrea by electroporation 

1 5 using the method essentially as known in the art (See e.g., Sambrook et aL> supra) except 
that all cultures and recovery were done at 30°C. The transformants were plated on L 
agar + carbenicillin (200 ng/ml) and incubated overnight at 30 # C. Three transformants 
were picked for analysis. Each colony was used to inoculate a 30 ml culture of LB + 
carbenicillin (200 jig/ml) and grown overnight at 30°C with shaking at 200 rpm. The 

20 cells were pelleted by centrifugation, washed one time in 50 mM phosphate buffer pH 
7.2, and finally resuspended in 4x the wet cell weight of 100 mM phosphate buffer pH 
8.0. The cells were lysed by treatment with lysozyme (2 yl of a 10 mg/ml solution per 
one ml of P. citrea culture) at 37°C for one hour. The cell debris was pelleted at 13,000 
rpm in a microfuge for 5 min. The resulting supernatant was used for further analysis in 

25 SDS-PAGE and Western blots, as well as assays for enzyme activity. 

SDS-PAGE analysis was carried out as known in the art (See e.g. 9 Sambrook et 
aL, supra) on the supernatants. Detection of the perhydrolase protein by Western blot 


5 


amino acids are not conserved within the bar code but the number of amino acids (e.g., x3 
corresponding to 3 intervening amino acids) is conserved). Based on these results and 
other data, as described herein, it is clear that the perhydrolase of the present invention 
represents a unique enzyme class. 
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was done using an anti-perhydrolase polyclonal anti-sera (prepared from purified 
perhydrolase protein by Covance). The blot was developed as per manufacturer's 
suggestions using the ECL plus kit (Amersham). 

The enzymatic activity of the expressed perhydrolase was detected by the pNB 
(para-nitrophenylbutyrate) assay as described in Example 1 , herein. The results are 
provided in the 

Table 5-1. Enzymatic Activity of Perhydrolase Expressed by P. citrea 

Concentration 
Clone OD405 Rate (mg/liter) 

P. citrea/ 

pMSATNcol 3.1129 0.47948 7.1922 

Control (P. citrea) 2.6187 -9.8312 0 


The SDS-PAGE and Western blot results, as well as the assay results indicated 
10 that the perhydrolase is expressed by P. citrea and is active. 


EXAMPLE 6 
Expression of the Perhydrolase in Bacillus subtilis 

1 5 The perhydrolase was expressed intracellularly in B. subtilis. A variety of 

promoters find use in this embodiment, including but not limited to pSPAC, pAprE, 
pAmyE, pVeg, pHpall. In some embodiments, the construct is present on a replicating 
plasmid (e.g., pBHl), while in other embodiments, it is integrated into the chromosome 
in one or more copies. Examples of sites for integration include, but are not limited to the 

20 aprE, the arnyE, the veg or the pps regions. Indeed, it is contemplated that other sites 
known to those skilled in the art will find use in the present invention. 

A. Intracellular Expression of the Perhydrolase in Bacillus subtilis From 
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a Replicating Plasmid 

B. subtilis expresses a lipase/esterase encoded by the gene pnbA that hydrolyzes 
the pNB substrate used to detect activity of the perhydrolase. To identify B: subtilis ' 
strains expressing the perhydrolase after transformation with replicating or integrating 
5 plasmids the pnbA gene (the entire coding sequence) was first deleted from the desired 
host using the hxV cassette deletion method described in WO 03/083 125, herein 
incorporated by reference. It is also noted that other strains of Bacillus may contain one 
or more lipases/esterases capable of hydrolyzing the pNB or other substrate used as an 
indicator for perhydrolase activity. In some embodiments, for optimal expression and/or 

10 activity detection it is necessary to delete one or more of the lipases/esterases from the 

hosts. The Bacillus subtilis strain used in this Example has the genotype Bacillus subtilis 
comK pnbA (p«&41oxP-spec, aprE, nprE, degUHy32 9 oppA, spoHE3501 and will be 
referred to as "5. subtilis pnbA" (See e.g., WO 03/083125, supra). 

In these experiments, a consensus Bacillus ribosome binding site (RBS) was used. 

15 It is not intended that the consensus RBS be the only sequence used for expression, as a 
non-consensus RBS also finds use in the present invention. The RBS of pMSATNcol 
(See, Example 4) was changed to a Bacillus consensus RBS from the 16S rRNA (5*- 
ATAAGGAGGTGATC -3' [SEQ ID NO:1 32]) of A subtilis and a ffindffl site was added 
to the 5' end of the RBS by PCR using a primer (502rbsforward primer) containing the 

20 desired changes. The reaction was carried out using an MJ Research PCR machine with 
30 cycles of (1 min at 95'C, 1 min at 55'C, and 1 min at 72°C). Template DNA 
(pMSATrbs) was added to a 50 pi reaction (10 ng) and 10 picomoles of each primer were 
used. 

The PCR-generated phd cassette was cloned into the PCR cloning vector, pCR- 
25 Script CM (Stratagene) and transformed into E. coli Top 10 cells (Invitrogen) to make 
pAH502R. The complete sequence of this plasmid is provided below. 
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ctaaattgtaagcgttaatattttgttaaaattcgcgttaaatttttgttaaatcagcto 
aaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagm 
ctattaaagaacgtggartccaacgtcaaagggcgaaaaaccgtctatcagggcgatggc^ 
ctaatcaagtttmggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagc^ 
5 ggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggc^ 
ggtcacgctgcgcgtaaccaccacacccgc^ 
caactgttgggaagggcgatcggtgcgggcctcttc^ 

taagttgggtaacgccagggtmcccagtcacgacgttgtaaaacgacggccagtgagcgcgcgt 

tagggcgaattgggtaccgggcccccccte^ 
10 atccgcccaagcttaaggaggtgatctagaattc^ 

tgggtccccgtcgaagacggggcacccaccgagcggttcgcccccgacgtgcgctggaccggtgt^ 

cggagcggacttcgaggtgatcgaggagggactgagcgcgcgcaccaccaacatcgacgaccc^ 

acggcgcgagctacctgccgtcgtgcctcgcgacgcacctgccgctcga^tggtgatotcatg 

accaaggcctacttccggcgcacxccgctcga^ 
1 5 gggcggcgtcggcaccacgtacccggcac^ 

ggftccagttgatcttcgagggcggcgagcagaaga 

aaggtgccgttcttcgacgcgggttcggtgatcagcac^ 

cgatctcggggtggccctcgcggaacaggtgcggagcctgctgtaaaaggatccc^ 

gccgccaccgcggtggagctccagct^ 
20 tgmcctgtgtgaaattgttatrcgctcacaattcca 

gcctaatgagtgagctaactcacattaattgcg^ 

gcattaatgaatcggccaacgcgcggggagaggcggmgcgtatt 

tgcgctcggtcgttcggctgcggcga 

aacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaacc^ 
25 taggctccgcccccctgacgagcatcacaaaaate^ 
accaggcgmccccctggaagctccctc^^ 

cta^cgggaagcgtggcgc^ctcatagctcacgctgtaggtatctcagttc^ 
gggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttg 
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagtt 
30 ttgaagtggtggcctaactacggctacactagaaggacagtamggtatctgcgctctgctgaagccagttaccttcgg 
aaaaagagttggtagrtcttgatccggcaaacaaacra^ 
cgcgcagaaaaaaaggatctcaagaagatccffigatctttt^ 
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttcgaccgaataaa 

atcacttcgcagaataaataaatcctggtgtc^ 

35 gttgatcggcacgtaagaggttccaactttcaccataatgaaataagatcactaccgggcgtattttttgagttgtcgag 
attttcaggagctaaggaagctaaaatggagaaaaaaatcactggatataccaccgttgatatatcccaatggcatcgta 
aagaacattttgaggcamcagtcagttgctcaatgtacctataaccagaccgttcagctggatattacggcx:tttto 
aagaccgtaaagaaaaataagcacaagtmatccggcctttattcacattcttgcccgcctgatgaatgctcatccgga 
attacgtatggcaatgaaagacggtgagctggtgatatgggatagtgttcacccttgtta^ 

40 ctgaaacgttttcatcgctctggagtgaatacca^ 
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tgttacggtgaaaacctggcctatttccct^ 

tttcaccagttttgamaaacgtggccaatatggacaac^cttcgccccgttttcacca 
aggcgacaaggtgctgatgccgctggcgattcag^^ 
atgaattacaacagtactgcgatgagtggcagggcggggcgtaattttmaag^ 
5 ggttgctacgcctgaataagtgataataagcggatgaatggcagaaattcgaaagcaaattcgacccggtcgtcggttca 
gggcagggtcgttaaatagccgcttatgtctattgctgg^accggtttattgactaccg 
cttctcaaatgcctgaggccagtttgctcaggctctccccgtggaggtaataattgacgatatgat^ 
caaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttga 
taacccactcgtgcacccaactgatcttcagcat^^ 
1 0 aaatgcxgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaag^ 
tttatcaaggg^ttgtc^catgagcggatacatatttgaatgtatttagaaaaataaacaaata 
atttccccgaaaagtgccac (SEQ ID NO: 133) 

Transformants were selected on L agar containing 100 jig/ml carbenicillin. The 
15 construct was confirmed by sequencing and biochemical assays (e.g., pNB activity assay) 


Primer set for pAH502R construction: 
502rbsForward primer 

5*- ccaagcttaaggaggtgatctagaattccatggccaagcgaattctgtgtttcg-3 ' (SEQ ID NO: 134) 

20 

502Reverse Primer: 

S'-ggggatccttttacagcaggctccgcacct-S' (SEQ ID NO: 135) 

25 The Hindm~KBS-phd-BamHl DNA fragment from pAH502R was cloned into 

the pSPAC containing vector, pMUTIN4 (See, Vagner etal y Microbiol., 144, 3097-3104 
[1998]) creating the construct pAH503. The complete sequence of pAH503 is provided 
below: 

30 ataattctacacagcccagtccagactattcggcactgaaattatgggtgaagtggtcaagacctcactaggcacctt^ 
aaatagcgcaccctgaagaagatttatttgaggtagccctt^ 

gagcggaaagatgtmgttctacatccagaacaacctctgctaaaattcctgaaaaattttgcaaaaagttgtt 
tatctacaaggtgtggcataatgtgtggaattgtgagcgctcacaattaagcttaaggaggtgatctagaattc^ 
caagcgaattctgtgmcggtgattccctgacctggggctgggtccccgtcgaagacggggcacccaccgagcggttcg 
35 cccccgacgtgcgctggaccggtgtgctggcccagcagctcggagcggacttcgaggtgatc 

cgcatx^ccaacatcgacgaccccaccgatccgcggctcaacggcgcgagctacctgccgtcgtgcctcgc 
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gccgctcgacctggtgatcatcatgctgggraccaacgacac^ 

tgggratgtcggtgctcgtcacgcaggtgctcaccag^ 

gtggtctcgccgccaccgctggcgcc^^ 

tgagctcgcccgcgtgtacagcgcgc^cgcgtcgttcatgaaggtgccgttcttcgacgcgggttcggtga 
5 acggcgtcgacggaatccacttraccgaggcc^^ 

dgtaaaaggatccccagcttgttgatacactaatgcttttatatagggaaaagg^ggtgaacto 
acgtaagattacgggtcgaccgggaaaaccctggcgttacccaacttaatcgccttgcagcacatcccc^ 
tggcgtaatagcgaagaggcccgcaccgatcgccc^^ 
gtttccggcaccagaagcggtgccggaaagctggctggagtgc^ 
1 0 actggcagatgcacggttacgatgcgcccatcte^ 

acggagaatccgacgggttgttactcgctcacatttaatgttgatgaaagctggctacaggaaggccagacgcgaattat 

ttttgatggcgttaactcggcgtttcatctgtggtgcaacgggcgctgggtcggttacggccaggaca^ 

rtgaatttgacctgagcgcatttttacgcgccg^ 

tatctggaagatcaggatatgtggcggatgagcggcattttccgtgacgtctcgttgctgcataaac^ 
1 5 cagcgatttrcatgttgccactcgctttaat^ 

agttgcgtgactacxtocgggtaacagtttctttatggcagggtgaaacgcaggtcgccagcggcaccgcgcc 
ggtgaaattatcgatgagcgtggtggttatgccgate^ 

cgccgaaatcccgaatctctatcgtgcggtggttgaactgcacaccgccgacggcacgctgattgaagc^ 
atgtcggtttccgcgagg^gcggattgaaaatggtctgctgctgctgaacggcaagccg^gctg 
20 cgtracgagcatcatcctrtgcatggtcaggtcatggatgagcagacgatggtgcaggatatc^ 
caactttaacgccgtgcgctgttcgcattatcc^ 

tggtggatgaagccaatattgaaacccacggcatggtgccaatgaatcgtctgaccgatgat^ 

atgagcgaacgcgtaacgcgaatggtgcagcgcgatcgtaatcacccgagtgtgatcatctggtcg^ 

aggccacggcgctaatcacgacgcgctgtatcgctg^^^ 

25 gcggagccgacaccacggccarcgatattatttgcrc 

ccgaaatggtccatcaaaaaatggctttcgctacctggagagacgcgc^gctgatccmgcgaa 
gggtaac^gtcttggcggtttcgctaaatactggcaggcgtttcgtcagtatccccgtto 
actgggtggatcagtcgctgattaaatatgatgaaaacggcaacccgtggtcggcttacggcggtga 
ccgaacgatcgcragttctgtatgaacggtrt^ 

30 ccagcagcagtttttccagttccgtttatccgggcaaaccatcgaagtgawagcgaat 

acgagctcdgcactggatggtggcgctggatggtaagccgctggcaagcggtgaagtgcctctggat^ 
ggtaaacagttgattgaactgcctgaactaccgcagccggagagcgccgggcaactctggctcacagtacgcgtagtgca 
accgaacgcgaccgcatggtcagaagccgggcacatcagcgcctggcagcagtggcgtctggcgga 
cgctccccgccgcgtcccacgccatcccgcatctgaccaa 

35 tggcaatttaaccgccagtcaggctttcmcacagatgtggattggcgataaaaaacaactgc^ 
tcagttcacccgtgcaccgc%gataacgacatt^^ 

gctggaaggcggcgggccattaccaggccgaagcagcgttgttgcagtgc^cggcagatacacttgctgatg^ 
attacgaccgctcacgcgtggcagcatcaggggaaaaccttatttatcagccggaaaacctaccggattgatggtagtgg 
tcaaatggcgattaccgttgatgttgaagtggcgagcgatac^ccgcatccggcgcggattggcctgaactgccagctg^ 
40 cgcaggtagcagagcgggtaaactggctcggattagggccgcaagaaaactatcccga<xgccttactgccgcxtgtttt 
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gaccgctgggatctgccattgtcagacatgtataccccgtacgtcttcccgagcgaaaacggtrt^ 
cgaattgaattatggccracaccagtggcgcggcgacttccagttcaaratcagrc 
aaaccagccatcgccatctgdgcacgcggaagaaggcacatggctgaatatcgacggtttc^ 
gacgactcctggagcccgtcagtatcggcggaattacagctgagcgccggte^ 
5 aaaataataataaccgggcaggccatgtctgcccgtatte^ 

cggtggaaacgaggtcatcatttccttccgaaaaaacggttgcatttaaatcttacatatgt^^ 
amgtaagamgatgmgagtcggctgaaagatcgtacgtaccaattattgmcgtgattgttcaagccat^ 
tgtagggatagtggaaagagtgcttcatctggttacgatcaatcaaatatt^ 
cagtaacgttatacgatgtcgcagagtatgccggtgtctc^ 
1 0 gmrtgcgaaaacgcgggaaaaagtggaagcggcgatggcggag 
ggcgggcaaacagtcgttgctgattggcgttgccacctc^ 
ttaaattfcgcgccgatcaartgggtgcragcgtggtggt^ 

gcgg^gcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctggatgaccaggatgccattgctgt 

ggaagctgcctgcactaatgttccggcgttattt^ 
1 5 atgaagacggtacgcgactgggcgtggagcatctggtcgra^ 

agttctgtctcggcgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaaattcagccgatagcggaacg 

ggaaggcgactggagtgcratgtccggttttcaacaaaccatgcaaa^ 

tggttgccaacgatcagatggcgtfgggcgcaatg^ 

gtagtgggatacgacgataccgaagacagrtcatgttatatcccgccgtcaacra^ 
20 ggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaatra 

tggtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg 

gcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttaggcatcgca^ 

gtcgtcgg^gatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccg^ 

gagcagacaagcccgtcagggcgcgtcagcgggtgtt^ 
25 gcggagtgtatactggcttaactatgcggcatcagagca^ 

acagatgcgtaaggagaaaataccgcatcaggcgctcttrc^ 

ctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacat 

gtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccc(^ 

acgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgt^ 

30 ggaagctccctcgtgcgctctcctgte^ 

ggcgctttctcaatgctc^cgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggc^ 
cccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacc^ 
ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgcte 
ctacggctacsctagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa^ 

35 cttgatccggc^aacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatt^ 

trtcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcat 

gagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagt 

aaacttggtctgacagttaccaatgcttaatcagtgaggcacctattf^ 

gcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgata^ 
40 cccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagt 
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tatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgc^ 
gttgccattgctgraggcatcgtggtgt^ 

gcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtccte^^ 
ccgcagtgttatcactc^tggttatggcagcactgcataattctcttactgtcatgccatccg 
5 actggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgct^^ 
taataccgcgccacatagcagaacmaaaag^^ 
taccgctgttgagatccagttcgatgta^ 

tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatg 

cttccttmc^tattattgaagcatttatcagggttattgtctcatgagc^ 
1 0 ataaacaaataggggttccgcgcaramccccgaaaagtgc^ 

acctataaaaataggcgtatcacgaggcccmc^^ 

cacraatcagtgcaaaaaaagatataatgggagataagac^ 

gaaacagcaaagaatggcggaaacgtaaaagaagttatggaaataagacttagaagcaaact^ 

gcagtatcttaaaatmgtataataggaattgaagttaaattagatgctaaaaamgtaattaagaaggagtgattac 
1 5 atgaac^aaaatataaaatattctcaaaactttttaacgagtgaaaaagtactcaaccaaat^ 

aaaagaaaccgataccgtttacgaaattggaaatgg^ 
taacgtctattgaattagacagtcatctattcaacttatcgtcagaaaaattaa^ 
caccaagatattctacagmcaattccctaacaaacagaggtataaaattgttgggag^ 
acaaattattaaaaaagtggttmgaaagccatgcgtctgacatctatctgattgttgaagaaggatt 
20 ccttggatattcaccgaacactagggttgctcttgcacactcaagtctcgattcagcaattgcttaagctgc^^ 
tgcmcatcctaaaccaaaagtaaacagtgtctt^ 

gaagclatatacgtacWgmcaaaatgggtcaatcgagaatatcgtcaactgmactaaaaatcagmc^tc^ 
caatgaaacacgccaaagtaaacaamaagtaccgttacttatgagcaagtattgtctatttttaatagtto 
tttaacgggaggaaataattctatgagtcgctmg^amggaaagttacacgttactaaagggaat 

25 


30 


tggtaatgartctctagcttgaggcatcaaataaaacgaaaggctcagtcgaaagactgggccm 

A ~ zcctttt 


tgcgmctacaaactcttgttaactctagagctgcctgccgcgtttcgg^gatgaagatctt^ 
tcagaacgctcggttgccgccgggcgtttmatgcagcaatggcaagaacgttgctcto (SEQ ID NO: 136) 


The construction of pAH503 was confirmed by RFLP and pNB activity assays. 
The pSPAC-RBS-phd DNA cassette was isolated as a BglWSmal digest and then 
subcloned into the replicating plasmid pBHl, digested with BamRl/EcoRV (See e.g., EP 
35 0275509) to create pAH505 (See, Figure 14). The complete sequence of the plasmid is 
provided below. 
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gatcttccaagatatcctaacagcacaagagcggaaagatgttttgttctacatccagaacaac^ 

tgcaaaaagttgttgacmatctacaaggtgtggcataatgtgtggaattgtgagcgctcacaatta^ 

aattccatggccaagcgaattctgtgmcggtgattccctgacrtggggctgg^ 

ggttegcccccgacgtgcgctggaccggt^ 
5 cgcgcgcaccaccaacatcgacgaccccaccg^ 

tfgecgctcgacctggtgatcatcatgctgggcac^ 

ggcatgtcggtgctcgtcacgcaggtgctra^ 

ctcgccgccaccgctggcgcccatgccgcacccctggttccagttgat^ 

cccgcgtgtacagcgcgrtcgcgtcgtta^ 
10 gaatccacttcaccgaggccaacaatcgcgatctcgggg^ggccctcgcggaac^ 

atcgcatgcgg^cctctagaagaagcttggagacaaggtaaaggataaaacagcacaattccaa g aa 

ctaaaaagaacgaamgaactaactcataaccgagaggtaaaaa 

aaaaagcacctgaaaaggtgfcttttmgatggtmgaacttgttcmcta^ 

gctgaaaggtgcgttgaagtgttgg^tgtatgtgjtttaaagtattgaaaaccctto 
15 aaagttataagtgactaaacaaataactaaatagatggggg^cttttaatattatgtgtc^ 

tc^gggttttagtggacaagacaaaaagtggaaaagtgagaccatggagagaaaagaaaatcgctaatgttga 

tctgcatattcttgaamaaaaaggctgaaagagtaaaagattgtgctgaaatattagagtataaacaaaate^ 

agaaagttgtatcgagtgtggtmgtaaatccagg^^ 

caaaaggttgttgrtgaagttattaaacaaaagccaacagtte 

cgtgcaacggaagtgacaataaataataaagataattcttataatcagcacat^ 
gaatacagaaaactacgtgaatcaaaaacaatggattcaatmggaaaaaggcaatgaaattagacta^ 
tcaaatgattcgaccgaaaaataaatal^aatcggatotacaatcggcaattgacgaaactgcaaaatatcctgtaaaggatacgga 
tmatgaccgatgatgaagaaaagaamgaaacgtttgtctgamggaggaaggtttacaccgtaaaaggtt^ 

25 gtttgttaaaagaaatacataaaaaattaaarcttgatgara 
atgaagatggatmctattattgcaatgtggaattgggaac^ 
tgaagattagatgctataattgttattaaaaggattgaaggatgcttaggaaga 
caaatattcttamagaaaagcaaatctaaaattatctgaaaagggaatgagaatagtgaatgg^ 
aaagaatgaagattgttcatgaaattaaggaacgaatattggataaatatggggatgatgtt^ 

30 gtcgtcagactgatgggccctattcggatattgagatgat^^ 

acxggtgagtggaaggtggaagtgaatmgatagcgaagagattctactagattatgcatctcaggtggaatcagatt 
acacatggtcaattmctctatmgccgamatgattcaggtggatacttagagaaagtgtate^ 
caaacgttccacgatgcgamgtgcccttatcgtagaagag 
ccgacaaramctaccatrcttgactgtacag^ 

35 gagcgcttcggtcttaactgaagcagttaagcaatcagate^^ 

mccgactctgagaaacttctggaatcgctagagaamctggaatgggattcaggagtggacagaac^^ 
gatgtgtcaaaacgcataccatmgaacgatgacctctaataattg^aatcatgttggttacgtam 
attatcatggctgtcatggcgcattaacggaataaagggtgtgcttaaatcgggccatmgcgtaa 
agcgaattgaattaataataaggtaatagatttacattagaaaatgaaaggggatmatgcgtgagaatgtt^ 

40 ttgccagtcggggatattaaaaagagtataggttffiattgcgataaactaggffl 
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ctaatgtgtaatgaggttcggattcatctatgggaggcaagtgatgaaggctggcgctctcgtag^ 
gtgcggagtcgtttattgctg#actgcta^^ 
atfflgcaccccaatacatcattaaaagatragtggtgggatg^^ 
tfficaacaaataaaaagctaaaatctatottaatctgttcag 
5 gtatctttmatmgagtggtmgtccgttacactagaaaaccgaaagacaataaaaattt^ 

ctagacaaaacggacaaaataaaaattggcaagggtttaaaggtggagatttmgagtgatcttct 
tgctgatttttaaacgagcacgagagcaaaaccccccttt 
aagaaaggtcttaaaggttttatggtmggtcggcactgccgacagcctcgcaggacacac^ 
ttatac^cttggaagtggttgccggaaagagcgaaaatgcctcacamg^gccacctaa 
10 gcagtttgtagaatgcaaaaagtgaaatcagggg (SEQ IDNO:137) 


The ligation mixture for pAH505 was transformed into Bacillus subtilis pnbA. 
15 Correct transformants were verified by RFLP and sequencing of isolated plasmid DNA. 
One transformant was selected for analysis (B. subtilis pnbA/pAH505). 

Expression of the perhydrolase in Bacillus was assayed using the pNB Activity 
Assay described herein, after growth of the desired strain in shake flask. The data 
showed that the perhydrolase was expressed in A subtilis pnbA. 

20 

B* Intracellular Expression of the Perhydrolase in R subtilis pnbA by 
Integration into the Chromosome 

25 An additional construct useful to determine expression of the perhydrolase (act) 

gene integrated into the chromosome of B. subtilis pnbA involved use of the spoVG 
promoter, which was found to drive expression of the perhydrolase gene in a non- 
replicating (z.e., integrating plasmid). In some embodiments, one site of integration is the 
aprE region of B. subtilis ; , although it is intended that integration occur at any suitable 

30 site. Indeed, it is not intended that the present invention be limited to this specific site nor 
this specific promoter, as various other suitable sites and promoters find use in the present 
invention. 
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The configuration of the promoter/gene at the aprE locus in the chromosome of 
Bacillus subtilis was as follows: 

pAprE-aprE first 7 codons-translation stop-pSpoVG-ATG-perhydrolase gene from 
5 second codon 

The clone was constructed as described below. The primers used were: 

10 Up5T 

caggctgcgcaactgttgggaag (SEQ ID NO:l 38) 

FuaprEAct34R 

1 5 agtagttcacraccttttccctatat^^ (SEQ ID 

NO:139) 

FuaprEAct4F 

Aattgatacactaatgcttttatatagggaaaaggtggtgaactac^tggc^gcgaattctgtgtttcggtg (SEQ ID 
20 NO: 140) 

£smI-DnAct504R 

gtgagaggcaltcggatccttttacagcaggctccg (SEQ ID NO: 141) 

25 

PCR fusion is a technique well known in the art, in which two or more fragments 
of DNA are generated either by restriction digest or by PCR amplification. The 
fragments have overlapping segments, usually at least 1 8 bases long. In the instance that 
two fragments are used, the 3' end of fragment #1 has an overlapping sequence with the 

30 5' end of fragment #2. The two fragments are used as template in a PCR reaction in 
which the primer set used hybridizes to the 5* end of fragment #1 (forward primer) and 
the 3' end of fragment #2 (reverse primer). During the amplification, the two regions of 
overlap hybridize forming a single template from which the two primers can amplify a 
full length fragment, a 'fusion" of fragments #1 and #2. Multiple fragments of any length 

35 can be used in such a reaction, limited only by the ability of the chosen polymerase to 


182 


GC821-2 *'^) 


amplify long DNA pieces. 

In the current example, the above construct was made by PCR fusion of two PCR 
products the above construct was made by PCR fusion of two PCR products. The first 
was a construct with the spoVG promoter added upstream of the phd gene. The second 

5 was the aprE promoter and first 7 codons of aprE, followed by a stop codon. Regions of 
20 bp overlap were added on the 5' and 3' ends of the products respectively, to allow the 
PCR fusion reaction. The primer set FuaprEAct4F/BsmI-DnAct504R was used to 
amplify the perhydrolase gene from pAH505 as described above, which added the spoVG 
promoter sequence (contained within the primer) to the 5 * end of the gene and changed 

1 0 the start codon from ATG to GTG. To create the second product (pAprE plus the first 7 
codons of aprE) for the fusion, the primer set Up5'F/FuaprEAct34R was used to amplify 
a fragment from pBSFNASally, Figure 1 5 provides a map of this plasmid. The complete 
sequence of pBSFNASally is provided below. 


1 5 crtaaattgtaagcgttaatatmgttaaaattcgcgttaaattm 

cccttataaatcaaaagaatagaccgagatagggttgagtgjt^ 
caacgtcaaagggcgaaaaaccgtctatcagggcgatggccxactacgtgaaccat 
tgccgtaaagcactaaatcggaacc^aaagggagccccxgatttagagcttgacggggaaag 
aggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaacc^ 

20 gccgcgcttaatgcgccgtfacagggcgcgtrc^ 
ctcttcgctattacgccagctggcgaaaggggga^ 
gttgtaaaacgacggccagtgagcgcgcgtaatacgact^ 
gaactagtggatcxx&cgggctgcaggaattctecatttt^ 

aaaagcctctgccccttgcaaatcggatgcctgtctataaaattcccgatattggttaaacagcggcgcaatggcgg 

25 atgtcmgcttggcgaatgttcatcttamcttcctcrc^ 

ttatcatcatgctttgaaaaaatatcacgataatatccatt^ 
aatttgccgggactcaggagcamaacctaaaaaagcatgacatttcagcatoatgaaca 
atgaaaatagttatttcgagtctctacggaaatagcgagagatga 
ctaaaatattattcxatctattacaataaattcac^gaatagtcttttaagtaagtctactrt^ 

30 gtgagaagcaaaaaattgtggatcagmgctgmgcmagcgt^ 
ggcagggaaatcaaacggggaaaagaaatatattgtcgggtttaa^ 

atgtcatttctgaaaaaggcgggaaagtgc^aaagcaattcaaatatgtagacgcagcttcagctacattaaacga 
aaagaattgaaaaaagacccgagcgtcgcttacgttgaagaagatca^ 
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gtatcacaaattaaagcccctgctctgcactctcaaggctacactggatcaaatgttaaagtagcggttatc^ 

cttc^catcctgatttaaaggtagcaggcggagccagratggttccttctgaaacaaatc 

ctcacgttgccggcacagttgcggctcttra^ 

tctcggtgctgacggttccggccaatacagctggatcattaacggaatcgagtgggcgatcgc^ 
5 tgagcctcggcggacxttctggttctgctgcttt^ 

ccggtaacgaaggcacttccggcagctcaagcacagtgggctaccctggtaaatac^ 
agcagcaaccaaagagcatcmctcaagcgtaggac^^ 

tggaaacaaatacggcgcgttgaacggtacatcaatggcatctccgcacgttgccggagcggctgcmg 

cgaactggacaaacactcaagtccgcagcagtttagaaaacaccactacaa^ 
1 0 atcaacgtacaggcggcagctcagtaaaacataaaaaaccggccttggccrc 

atccgctccataatcgacggatggctccctctgaaaattttaacgagaa^ 

agtcctgaaacgtctcaatcgccgcttcccggmcc^ 

acggcattcgtaatcggatcctctagagtc^^ 

acagaaatgtattgcaatcttcaactaaat^ 
15 . cagtatactmccatgttataacacataaaaa 

gttttttactagtcamaaaacgatacattaataggtacgaaaaagcaacttttmgcg^ 

gtaactagcctcgccggcaatagttacccttattatcaagataagaaagaaa^ 

acaaaagaccacattttttaa^ 

tttaaaatatatatttatgttaCTgtaatattgactmaaaaaaggattgatt 
20 actttagataaaaatttaggaggcatatca^ 

ttgaaccaacaaacgactmagtataaccacagaaattgatata^ 

ccctgcamatmcttagtgacaagggtgataaactcaaatac 

ggataagttagagccacmatacaattmgatggtgtatcta^ 

ttttatgatttataccmctgatgtagagaaatataat^ 
25 ctattattccatggacttcatttactgggtttaacttaaatatcaataataa^ 

ttaataaaggtaattcaatatattaccgctat^ 

tcaggaattgtcagataggcctaatgactggctmataatatgagataatgccgactgtacttmacagt^ 
acctgccccgttagttgaagaaggtttttatattacagcte^ 

ccaattgcmattgacgttgagcctcggaacccttaacaatcccaaaacttgtcgaatggtcggctto 
30 cattcgtctgcaagtttagttaagggttcttctcaacgcacaataa^ttttctcggca 

gatagcaaaaaatgccattccaatacaaaaccacatacctataatcgaccggaattaatt^ 

gactcgtgatmccaaacgagcmcaaaaaagcrt^ 

cagcggcgcaatggcggccgcatctgatgtc^ 

ctmctgtaaagmattmcagaatac^atcatcatgcmgaaaaaatatcacgataatatc^ 
35 aggtcamgaacgaattttttcgacaggaamgccgggatf^ 
ramactcatgtctatmcgttctmct^ 

gataaaatcatctcaaaaaaatgggtctactaaaatattattccatctattacaataaattcacagaate^ 
gaattttmatcaagcttatcgataccgtcgacctcgag^ 
cgcttggcgtaatcatggtcatagctgmrctgtgtga 
40 agtgtaaagcctggggtgcrtaatgagtgagcta^^^ 
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cgtgccagctgcattaatgaatcggccaa^ 

tcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaata^ 
acgcaggaaagaacatgtgagcaaaaggccagcaaaaggrc^ 

ctccgcccccxstgacgagcatcacaa^ 
5 gmccccctggaagctccctcgtgcgctctcctgjtccgaccctgccgctto 

gtggcgc^ctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtg 
gttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtcx^cccggtaagacac^ 
cactggtaacaggattagcagagcgaggtatgtaggcggfgctaragag^^ 
aggacagtamggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatcc 
1 0 gctggtagcggtggttttmgmgcaagcagcagattacgcgcagaaaaaaaggatctcaagaaga^ 
ggtctgacgctcagtggaacgaaaartcacgttaaggga 
taaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacag^ 
gcgatctgtrtamcgttcatccatagtt^ 

gtgctgcaatgataccgcgagacccacgctcaccggctccagamatcagcaata^ 
15 agaagtggtcctgcaactttatccgcctccatccagtctatt^ 

gcgcaacgttgttgccattgctacaggcatcgtg^ 

aggcgagttacatgatcccccatgttgtgcaaaaaagcggtta^ 

gtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccg^ 

ccaagtcattctgagaatagtgtatgcggcgacc^ 
20 aactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgct^ 

cccactcgtgcacccaactgatcttcagcatctmacmcaccagcgmctgggtgagcaaaaacag 

aaaaagggaataagggcgacacggaaatgttgaatactcatactcttccttmcaa 

atgagcggatacatatttgaatgtamagaaaaataaacaaataggggtt (SEQ 
IDNO:142) 

25 


The two PCR products were subjected to fusion PGR as known in the art to create 
the 1.5 kb fusion. The resulting fusion product was then cloned into PCR2.1TOPO to 
produce pCP609 (See, Figure 16) and sequence below). 

30 

caggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggg^ 
ggcgattaagttgggtaacgccagggtmcccagtca^ 
atagggcg^attggagctccaccgcgg 
gctatcaaaataacagactcgtgatmccaaa^^ 
35 ccgatattggttaaacagcggcgcaatggcggccgcato 
atttmrattctatccctmctgtaa^ 
cggaagcacacgcaggtcamgaacgaatttmcgaca^ 
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tttcagcataatgaacatttactcatgtctatmcgtt^^ 

tatacctaaatagagataaaatcatctcaaaaaaatgggtctactaaaatattattccatctattacaataaattc^ 

aagtaagtctactctgaatttttttaaaaggagagggtaaagagtgagaagca^ 

ttatatagggaaaaggtggtgaactactatggccaagcgaattctgtgmcggtgattccctgacctggggrt 
5 agacggggcacccaccgagcggttcgcccccgacgtgcgct^ 

ggtgatcgaggagggactgagcgcgcgcaccaccaacatcgacgaccccaccgatccgcggctcaacggcgcgagctacct 

gccgtcgtgcctcgcgacgcacctgccgctcgacctggtgatcatcatgctgggcaccaacga^ 

caccccgctcgacatcgcgctgggcatgtcg#^ 

cggctcccaaggtgctggtggtctcgccgccaccgctggcg^ 
10 agcagaagaccactgagrtcgcccgcgtgtacagcgcgctcgcgtcgttcatgaaggtgccgttcttcgacgcgggtt 

cagcaccgacggcgtcgacggaatccacttcaccgaggccaacaatcgcg^ 

agcctgctgtaaaaggatccgaatgcctctcacaagggcgaattctgcagatatrc^ 

ctagagggcccaattcgccctatagtgagtcgtattacaattcactggcc^ 

ttacccaacttaatcgccttgcagcacatcccccm^ 
15 cagftgcgcagcctgaatggcgaatggacgcgc^ 

accgctacacttgccagcgccctagcgcccgctcctte 

tctaaatcgggggctccctttaggg^ccgatttagtgctttacggcacctcgaccc 

agtgggccatcgccctgatagacggtttttcgccctttgac^ 

aaractcaaccctatctcggtctattcttttgatttataagggat^ 
20 aatttaacgcgaattttaacaaaattcagggcgcaagggctgtf 

gtgctgaccccggatgaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcaggtagcttgca 

g^gggcttacatggcgatagctagactgggcggttttat^ 

a ggttgggaagccctgcaaagtaaactggatggctttcttgccgccaaggatctgatggcgcaggggatcaagatctgatcaaga 
gacaggatgaggatcgtttcgcatgattgaaraagatggattgcacgcag 
25 atgactgggcacaacagacaatcggctgctctgatgccgcc^ 

accgacctgtccggtgccctgaatgaactgcaggacgaggcagcgc 

agctgtgctcgacgttgtcactgaagcgggaagggact^ 

ccttgctcctgccgagaaagtatccatcatggctgatgcaat 

accaagcgaaacatcgcatcgagcgagcacgtactcggatggaagcx:ggtcttgtcgatcaggatgatct 
30 aggggctcgcgccagccgaactgttcgccaggctcaaggcg^ 

tgcctgcttgccgaatatcatggtggaaaatggccgctmctggattcatcgactgtggccggctgggt 

ggacatagcg^ggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgcttcctc^^ 

ctcccgattcgcagcgcatcgccttctatcgcctt^ 

gtgtcgcccttattcccttttttgcggra^ 
35 agttgggtgcacgagtgggttacatcgaactggatctcaa^ 

tgatgagcacmtaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgre 

attrtcagaatgacttggttgagtactcaccagtracaga 

ccataaccatgagtgataacactgcggccaacttacttctgacaac^ 

atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtga 
40 cctgtagcaatggcaacaacgttgcgcaaactattaactfg^ 
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gaggcggataaagttgcaggaccac^ctgcgctcggcccttccggctggctggttte 
tgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacacgacggggag^ 
actatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggt^ 
tactttagattgatttaaaacttratttttaatttaaaa^ 
5 agttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttt^ 
aaacaaaaaaacraccgctaccagcggtggtttgmgccggatcaagagctaccaac^ 
gagcgcagataccaaatactgttcttctagtgtagccgtagttaggccaccacttcaagaactct^ 
ctctgctaatcc^gttaccagtggctgctgccagtggcgataagtcgtgtcttacc 
aggcgcagcgg^cgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgaccta^ 

1 0 acagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagg^ 
aggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcggg^ 
cgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttto 
ccttttgctcacatgttctttcctgcg^atcccctgattctgtggataacc^ 
gccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgc^ 

1 5 ggccgattcattaatgcagptggcacgacaggmcccgactggaaagcgggcagtgagcgcaacgc^ 
cactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtg^ 
acagctatgaccatgattacgccaagcttggtaccgagctcggatccactagtaacggccg 
(SEQIDNO:143) 

20 

The plasmid PCP609 was digested with BamHVXmal to release the fragment 
containing the pAprE-aprE-stop-pSpoVG-p/wf construct and ligated into pBSFNASally 
digested with XmaVBcll to give the plasmid pCP649. Figure 17 provides a map of 
pCP649. The complete sequence of pCP649 is provided below. 

25 

tagaactagtggatccccxgggctgcaggaattct<xattttctt^ 

aaaaaagcctrtgccccttgcaaatcggatgcct^ 

tgatgtctttgcttggcgaatgttcatcttatt^ 

ttttatcatcatgctttgaaaaaatatcacgataatatccattgttctcacggaagcacacgcaggtcatttgaacgaattt^ 
30 gaatttgc^gggactcaggagcatttaacctaaaaaagcatgacatttcagcataatgaacattte 

gtatgaaaatagttatttcgagtctctacggaaatagcgagagatgatatacctaaatagagataaaatcatctcaaa 
tactaaaatattattccatcrtattacaataaattcacagaatagtcttttaagtaagtctactctgaattt 
agtgagaagcaaaaaattgtggatctgaaattgatac^ctaatgcttttatatagggaaaaggtggtgaactact 
attctgtgtttcggtgattccctgacctggggctgggtccccgtcgaagacggggcacccaccgagcggttc 
35 gctggaccggtgtgctggcxx^gcagctcggagc^ 

cgacgacxxcaccgatccgcggctcaacggcgcgagcta^^ 

tcatcatgctgggc^ccaacgacaccaaggcctacttccggcgcaccccgctcgacatcgcgctgggcatgtcggtgctcgtca 
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cgraggtgctcaccagcgcgggcggcgtcggcac^ 

gcccatgccgcacccctggttccagttgatcttcgagggcggcgagcagaagaccactgagctc^ 
tcgcgtcgttcatgaaggtgccgttcttcgacgcgggttcggtgatcagcaccgacggcgtcgacggaatc^ 
caacaatcgcgatctcggggtggccctcgcggaacaggtgcggagcctgctgtaacggaatgcct^ 
5 gaattctgcagatatccatcacartggcggccgctcgagcatgcatctagagtcgatttto 
UctaaagttttatcagctacaaaagacagaaatgtaUgcaatcttcaactaaatcxaM 
ctgaaatacttgatUctttgttttUctcagtatacttttccatgttataa 
aaagttgcttmcccctttctatgtatgttttttactagtcatttaaaac^ 

1 0 ctacgctcaaatcctttaaaaaaacacaaaagaccacattttttaatgtggtcttto 
cgaaaattggataaagtgggatatttttaaaatatatatta^^ 
cagacaagtaagcctcctaaattcactttagataaaaatttaggag^ 

agagaaaagagatatttaatcattatttgaaccaacaaacgacttttagtataaccacagaaattgatattagt 

taaaacaagaaggatataaattttaccctgcatttattttcttagtgacaagggtgataaactcaaate 
1 5 atagcgacggagagttaggttattgggataagttagagccactttatac^ 

ctcxtgtaaagaatgacttcaaagagtfflatgamatarc^ 

acctatacctgaaaatgcttmctcm^ttattccatggacttcatttactg 

tacccattattacagcaggaaaattc^ttaataaaggtaattcaatatatttacc 

atcatgcaggattgtttatgaatfctattcaggaatt^^ 
20 ttmacagtcggtffictaatgtcactaarctgccc^ 

aaccga(#ctcctttttcgcttctttattccaattgcttte^ 

cggcttaatagctcacgctatgccgacattcgtctgcaagtttagttaaggg^ctt 

cgtggtctaatttttatttttaataaccttgatagcaaaaaatgccattccaatacaaaaccaca 

aattcctccattttcttc^gctatcaaaataacagactcgtgattttccaaacgagctttcaa 
25 tgcctgtctataaaattcrcgatattggcttaaacagc^ 

mcttcctccctctcaataatttmcattctatccctmctgtaaagmattmcagaatactm 

gataatatccattgttctcacggaagcacacgcaggtcatttgaacgaattttto 

acctaaaaaagcatgacatttcagcataatgaacatttactcatgtct^ 

ggaaatagcgagagatgatatacctaaatagagataaaatcatctcaaaaaaatgggtctactaaaatattattccatctattacaata 
30 aattcacagaatagtcttttaagtaagfctactrt^ 

ccagc^gttccctttagtgagggttaattgcgcgctt^ 

aattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaac^ 
gctcactgcccgctttccagtcgggaaacctgtcgtgccagc^ 
gtattgggcgctcttccgcttcctcgctc^^ 
35 gcggtaatacggttatcxacagaatcaggggatoacgcaggaaagaacatgtgagra 
gtaaaaaggccgcgttgctggcgtttttccataggct^ 
gcgaaarccgacaggactataaagataccaggcgtttccccctggaagctw^ 
ccggatacctgtccgcctttctccctte^ 

cgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggt 
40 ggtaagacacgacttatcgccactggc^cagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacaga^ 
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cttgaagtggtggcctaactacggctacacta^^ 
agttggtagctcttgatccggcaaacaaacxarcgct 

aggatctcaagaagatccmgatctmctacgggg^ctgacgctcagtggaacgaaaactcacg 

ttatcaaaaaggatcttcacx^gatccttttaaattaaaaatgaagttt^ 

gttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcat 

ctacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagac^ 

aataaaccagccagcpggaagggccgagcgi^gaagtggtcc^gcaactto 

gaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctaca^ 

gtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatccx^ 

gtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgca^ 

ccgtaagatgctmctgtgactggtgagtact^ 

gtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcgg^ 
ggatcttaccgrtgttgagatccagttcgatgtaac^ 

ggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaat^ 

tcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatto 

cgracamccccgaaaagtgccaccta^ 

accaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccga^tagggttga 

agtccactattaaagaacgtggactccaacgtcaaagggcg 

ccctaatcaagtttmggggtcgaggtgccgtaaagcartaaatcggaaccctaaagg^ 

gaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgte 

cacgctgcgcgtaacraccacacccgccgcgctto^^ 

ttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaagg^ 

aacgccagggtmcccagtcacgacgftgtaaaacgacgg^ 

gctccaccgcggtggcggccgctc (SEQIDNO:144) 


All constructs were confirmed by sequence analysis. PCR reactions were done 
using Hercules polymerase (Roche) as per the manufacturer's directions. 

pCP649 was transformed into 5. subtilis comKpnbA and integrants selected on L 
agar containing chloramphenicol (5jig/ml). The activity of the expressed perhydrolase 
was determined by the pNB activity assay as described herein. The results indicated that 
the perhydrolase was expressed and active 


EXAMPLE 7 
Expression of the Perhydrolase in Streptomyces. 
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In this Example, experiments conducted to assess the expression of the 
perhydrolase in Streptomyces are described. To test expression of the perhydrolase in 
Streptomyces, a replicating plasmid was constructed with the phd gene being expressed 
from either the glucose isomerase (GIT) or the A4 promoter (See e.g., 

5 US/PC T / filed November 1 8, 2004, herein incorporated by reference). 

However, it is not intended that the present invention be limited to these specific 
promoters, as any suitable promoter will find use with the present invention. Also, 
although the strain used for perhydrolase expression in this Example was Streptomyces 
lividans TK-23, it is contemplated that any Streptomyces will find use in the present 

10 invention. 

The Streptomyces strains were transformed and manipulated using methods 
known in the art {See e.g., Kieser et al, Practical Strfptnmycfts fireirtics, John Innes 
[2000]). 

15 

Construction of pSECGT-MSAT and pSECA4-MSAT 

Using standard methods known in the art, the phd coding sequence (See, Example 
4) was cloned into pSECGT to place the gene under control of the GI promoter. 
Similarly, the gene was cloned in the same plasmid with the A4 promoter using methods 

20 known in the art (See e g., US/PC T / filed November 1 8, 2004, herein 

incorporated by reference). Transformants were first selected in E. coli, verified by 
sequence analysis, and then transformed into S. lividans TK-23 using methods known in 
the art (See e.g, Kieser et al, [2000], supra). The correct clones expressed from the GI 
promoter and the A4 promoter were designated 4t pSECGT-MSAT" and "pSECA4-phd." 

25 The sequence of pSECGT-MSAT is provided below, while Figure 18 provides a map of 
the plasmid. 

ctagagtcgaccaegcaggccgcca^ 
aggccgacggcgggacggccggcaccggtacgc 
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acgagcgcggagacggtggcccgggtgagcccggtgacggcggcaactcccgcgcgggagagccgatctgtgctgm 

acggtatgcagcaccagcgcgagattatgggctcgcacgctcgactgtcggacgggggcactggaacgagaagtcaggcgag 

ccgtcacgcccttgacaatgccacatcctgagcaaataattcaaccactaaacaaatcaa 

caagcgaattctgtgtttcggtgattcxctgacctggggctgggtccccgtcgaagacg 
5 cgacgtg^ctggacxggtgtgctggcccagcagctcggagcggacttcgaggtgate 

caccaacatcgacgaccccaccgatrcgcggc^^ 

acctggtgatcatcatgctgggcaccaacgacac^ 

tgctcgtcacgcaggtgctcaccagcgcgggcggc^ 

ccgctggcgcccatgccgcacccctgg^ccagttgatcttcgagggcggcgagcaga^ 
1 0 cagcgcgctcgcgtcgttcatgaaggtgccgttcttc 

accgaggccaacaatcgcgatctcgggg^ggccctcgcggaacaggtgcggagcrtgrt 

ggctgacxggagcggggaggaggacgggcggccggcggaaaagtccgccggtccgctgaatcgctcccc 

gtggcagtatcagcgccatgtccggcatatcccagccctrc^ 

tgaaattgttatccgctcacaattrcacacaacatacgagcc^ 
1 5 actcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacc^ 

ggggagaggcggmgcgtattgggcgctcttccgcttcctcg^ 

gtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaa^ 

gcaaaaggccaggaaccgtaaaaaggccgcgttgrtggcgtttttccatagg 

acgctcaagtcagaggtggcgaaacc^gacaggactataaagataccaggcgtttccc^ 
20 gttccgac^gccgc^ccggatacctgtccgcctttctcccttc^ 

tcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaa 

tatcgtcttgagtccaacccggtaagacacgacttate^ 

taggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggara 

cagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccac^gctggtagcggtggttttttt 
25 agattacgcgcagaaaaaaaggatctc^gaagatccmgatctmctacggggtctgacgctcagtggaacgaaaactcacgtt 

aagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaatt^ 

tgagtaaacttggtctgacagttaccaatgcttaatcagtga 

actccccgtcgtgtagataactacgatacg^^ 

ccggctccagatttatcagcaataaaccagccagccgga^ 
30 agtctattaattgttgccgggaagctagagtaagtagttcgccag^ 

gtgflcacgctcgfcgtttggtatggcttra^ 

aagcggttagctccttcggtcctccgatc^^ 

ttctcttactgtcatgccatccgtaagatgc^ 

gagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaa^ 
35 ggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgjgcac^ 

actttc^ccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttg 
aatactcatactcttcctttttcaatattattgaagcat^ 

aaacaaataggggttccgcgcacamccccgaaaagtgccacctgacgtctaagaaacc^ttattatcatgac^ttaacctataaa 
aataggcgtatcacgaggccctttcgtctcg^ 
40 gtcacagcttgtrtgtaagcggatg<x:gggagcagacaagcccgtcagggcgcgtcagcgggtg^ 
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taccgcatraggcgccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgcca^ 


gtaagcttgcatgcctgcaggagtggggaggcacgatggccgctttggtcgacctcaacgagacgTtgaagccgtg^^ 
accaccccggcggccctgctggaccacacc^^ 

cgagcgtccgaggaacacaggcgcttatcggttggccgcgagattcrt^ 

ggaaacgttgagagactcggtctg^ctcatcatggggatggaaaccgaggcggaagacgcctcrtcgaacaggtcg^ 

ccaccctmcgctgccgaacagc^ggccagccgatccggattgtccccgagttc^ 

cgtcatcagctgcataccgctgtcccgaatgaaggcgatggcctartcgcgaccggag^ 


gatatcgccgaacctggccgggcgagggacgcgggcga^ 

gatcgaggagtcgatgaggcggaccggtatgttctgccgcccgcacagatccagcaactcagatggaaaagga^ 
gccgtagacctcgatgaactccaccccggccgc^ 

15 atcgcgacggcttggtgacatcgatgatccgrtgcaccgcgggatcggacggatttgcgatggtgtccaactcagtcatggtcgt 
cctaccggctgctgtgttcagtgacgcgattcctggggtgtgacaccctacgcgacgatggcggatggctgccc^ 
caccaacgcaaggggaagtcgtcgctctctggcaaagctccccgctctt<xccg*ccgggaccc 
tgaagtattcgccttgatcagtcccggtggacgcgccagcggcccgccggagcgacggartccccgacctcgatcgtgtcg^ 


20 


gaccgctcggcttccagggcctcgtggccatcgctcgccgacacacgcactg^ 


30 

cgtgcaagggctgcggccgcgccxtgatggaccctgc^ 


»atc 

acxgccgccgtggtcgagtggatcaagcgcggggggaccgcctacctggtcaccttcacggcccgcxatgggcacacg 
ggctcgcggacxtcatggacgccctccagRgcacccceaaeac2ccsi£?acaecncrr.PPr.c.arraoan,,^^ a ^^n 

35 


ggatcgg^tacgtcggcatgatccgcgcgacxgaagtcaccglggggcagatcaacggctggcacccgcacatccacgcgat 
cgtcctggtcggcggccggaccgagggggagcggtccgcgaagcagatcgtcgccaccttcgagccgaccggcgccgcgct 


gcacggcgtcgacttcaagcggctggagaccgagcgcgacgccaacgacctcgccgagtacatcgccaagac^ 
40 g^ggcgcccg<^cgaactcgca^cgccgacctcaagacggcgaccggcgggaacgtcgcc(xgttcga^ 
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10 


25 


30 


gcaagtgggcccacttcgcactaactcgctccxccrc^ 

cggcgacggcggccggggtcgaagccgcgggagtaatcxtgggattactcgcccggggtcggcxccgcxggcac^ 


35 


ccgctcctgccgccagcgggcgtacgaggcccggcg^ 


gcccgctccggccctgccggacccccggctg^ 
1 5 gcgteggcggctcctgcctcccccgcccggcgccgaccgggacccgcaaaccccttgatccg^ 


cgcactgctcrtggtcggcgggacgctgatcgtgcgggagctcxtg^ 
gc^cgccctctacggaggcccgcccgcggcccg^ 

ccaccacgat^ggcagccggatgaccggccacgacggagccgcacggrtgaccagctcgacg 
20 cagcaggtgctccccagcaacccacgacggggctcagggtcgc^tcacgcggctcagraccgcgacggcgggggtacggc 


gccgccttgatgacgtagggaaagttgtaccgcaaaaaacgcagcctgaactagttgcgatcct (SEQ ID NO: 145) 
Figure 19 provides a map of pSEGT-phdA4, while the sequence is provided 

below: 


gaattctgtgmcggtgattccctgacctggggctgggtccccgtcgaagacggggcacccaccgagcggttcgcccccgacgt 


catcgacgacca»<xgatcsgcggctc^ 

tgatcatcatgctgggcaccaacgacaccaagg<xtacttccggcgcaaxcgctcgacatcgcgctgg^ 
cacgcaggtgc^raccagcgcgggcggcgtcggcaccacgtacccggcacccaaggtgctggtggtctcgccgccaccgctg 
gcgcccatgcxgwcccctggttcc^gttgatcttcgagggcggcgagcagaagaccactgagctcgcccgcgtgtacagcgc 
gctcgcgtcg^catgaaggtgccg^cgacgcgggWcggtgatcagcaccgacggcgtcgacggaat<^ 
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<^gaccggagcggggaggaggacgggcggccggcggaaaagtccgccggtccgctgaatcgct(x 

gcagtatcagcgccatgtcxggcatatcccagccctccgcatgccccg^^ 

aattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagc^ 

cacattaattgcgttgcgctcactgcccgcmccagtcgggaaacctgtcgtgccagctg 

ggagaggcggmgcgtattgggcgctcttccgcttcctcgctcactgactcg^gcgctcg^ 

tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacg^ 

aaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggct 

ctcaagtcagaggtggcgaaacccgacaggactataaag^ 

ccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgcttt 

gttcggtgtaggtcgttcgctccaagctgggctgtgtgra^ 

cgtcttgagtajaacccggtaagacacgacttatcgccactggcagcagccactggtaac^ 

ggcggjgctacagagttcttgaagtggtggoctaactacggctacactagaaggacagtatttg^ 

agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctg 

gattacgcgcagaaaaaaaggatctcaagaagatccmgatc^ 

agggatmggtcatgagattatcaaaaaggatcttcaccto^ 

gagtaaacttggtrtgacagttaccaatgcttaatcagtga^ 

tfccccgtcgtgtagataactacgatacgggagggc^ 

cggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggt 

gtctattaattgttgccgggaagctagagtaagtagttcgccagttaatag^ 

tgtcacgctcgtcgtttggtatggcttcattcagctccgg^cccaacgatcaaggcgagttac 

agcggttagctccttcggtcctccgatcgttgtcagaagto^ 

ctcttactgtcatgccatccgtaagatgctffictgtga^ 

agttgctcttgcccggcgtcaatacgggataat 

gggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaa^ 

ctttcaccagcgtttctgggtgagcaaaaacaggaaggcaa^ 

atactcatactcttcctttttcaatattattgaagcatttatra 

aacaaataggggttccgcgcacatttcc^cgaaaagtgccacctgacgtctaagaaacc^ 

ataggcgtatcacgaggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctc^ 

cacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtc 

cttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcgg^gtgaaatacc^ 

accgcatcaggcgccattcgccattcaggctgcgcaart^ 

ggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttccca^ 

taagcttgcatgcctgcaggagtggggaggcacgatggrc^ 

ccaccccggcggccc^gctggaccacacccggcactacaccttcgacgtctgat^ 

gagcgtccgaggaaracaggcgcttatcggftggcc^^ 

gaaacgttgagagactcggtctggctcatcatggggatggaaaccgaggcggaagacgcctcctcgaac^ggtcggaaggcc 

cacccttttcgctgccgaacagcaaggccagccgatccggattgt^ 

gtcatcagctgcataccgagfcccgaatg^ 

aacctcggctggcccWggagacgccggt^ 

cgagcgacgtgcgtactatcgcgccgatgttcccgacgatcttcaccccgtcgagaacgac^^ 
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atetcgccgaacctggccgggcgagggacgcgggcgatgccgaatgtcttggccttccgctcccccttgaacaactggttgacg 

atcgaggagtcgatgaggcggaccggtatgttctgcxgcccgcacagatccagcaactcagatggaaaaggactgrt 

ccgtagacctcgatgaactccaccccggccg^ 

cgcgacggcttggtgacatcgatgatccgctgcaccgcgggatcggacggatttgcgatggt^ 
5 taccggctgctgtgttcagtgacgcgattcctggggtgtgacacccta^ 

ccaacgcaaggggaagtc^cgctctctjggcaaagctccccgctcttccccgtro 
aagtattcgccttgatcagtcccggtggacgcgccagcggcrc^ 

gagcgtccacgtagacgttgcgtgagagcaggartgggccgccgccgaccgcaccgccctcaccac^g 

catggccgccgccgacggccftggtcgcc^^ 
1 0 gcacttcgtgctggcgccccgcccccacccacca^^ 

tgaacctggfccaggaccccaacggcggtggrt^ 

ccgctcggcttccagggcrtcgtggccate^ 

ggggctctcttcggccctccaagtcacaccagccccaaggggcgtcggg 

aggattcccaccagaccaaagagcaacgggccggacttcgcacctccgacccgtccgctcxcagac 
1 5 gcgagacaggaacgttgctcgtgcccagagtacggagc^^ 

ctgcgggaccgcaattgcccacacaccgggcaaacggccgcgtatctactgctcagacc^ 

gcgatcgcgcgtgtgacgcgagatgccgcccgaggcaaaagcgaacaccttgggaaagaaacaacaga 

tccgactfgcggtttrtccggacggggtggatggggagagc^ 

gaccgaggctgcccgactgcggaaagccgcccggtacagc^ 
20 gcaagggctgcggccgcgccctgatggaccctgcctcc^ 

gggcctgatgcggtgcgggcggatctggctc^ 

gccgccgtggtcgagtggatcaagcgcggggggaccgotocctggtcaccttcacggcccgccatgggcacacggaccggc 

tcgcggacctcatggacgccctccagggcacccggaagacgccggacagcccccggcggccgggcgcctaccagcga 

atcacgggcggcacg^gggccggacgccgggccaaggacgggcaccgggccgccgaccgcgagggcatccgagaccgga 

25 tcgggtacgtcggcatgatccgcgcgaccgaag^caccgtggggcagatcaacggctggcacccgca^ 

ctggtcggcggccggaccgagggggagcggtccgcgaagcagatcgtcgccaccttcgagc^gaccggcgccg 
gagtggcaggggcactggcggtccgtgtggaccgcxgccctgcgcaaggtcaaccccgccttcacgcc 
ggcgtcgacttcaagcggctggagaccgagcgcgacgccaacgacctcgccgagtacatcgccaa 
gcgcccgccctcgaactcgcccgcgrcgacctcaagacggc 

30 atcggggacctgaccggcggcatgaccgaggacgacgccgccggggtcggctcgctggagtggaacctctcgcgctggcac 
gagtacgagcgggcaacxcggggacgccgggccatcg^ 

gacaccgaggccgacgacctcgatctgctcctggcggccgacgccgacggcggggagctgcgggcc 
cgaggacggatggcacgcggtcacccgccgcgccctcgacctcgaggcgauxgggccgccgaaggcaaggacggcaac 
gaggattcggcggccgtgggcgaacggg^gcgggaggtcctggcgctggccgacgcggccgara 
35 gcgggggaggtggccgaggcgtacgccgacatgctcgccgccctcgcccagcgccgcgaggaagcaactgcacgccgacg 
gcgagagcaggacgacgaccaggacgacgacgccgacgaccgccaggagcgggccgcccggcacate^ 
agtgggcccacttcgcactaactcgctcccccccgccgtacgtcatcccggtgacgtacgg^ 

cgacggcggccggggtcgaagccgcgggagtaatcctgggattactcgcccggggtcggccccgccggcacttcgtgcaggc 
ggtacctcgcgcccgactcgcctcgctacgagacgtgccgc^ 
40 cgacggcgcgaagctctgcgcctggtgcggctcggagatca^ 
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ctcctgccgccagcgggcgtacga^ 

agatacgtcacgtgacgaaatgcagcagccttccattccgtcacgtgacgaaactcgggccgca^ 
cgctccggccctgccggacccccggcrtgcag^ 

cggcggctcctgcctcccccgcccggcgccgaccgggacccgcaaaccccttgatc^^ 
5 gtgcxgaagtgatcacggggaggactgatgcaccac^ 

ctgctcctggfcggcgggacgctgatcgtgcgggagctcctgggcctgtggcccgccgtggcggtc^ 
cgccctctacggaggcccgcccgcggcccgccggatagccgtcgcggtcgagglre 
cacgatcgggcagccggatgaccggccacgacggagccgcacggctgaccagctcgacggccgcra 
caggtgctccccagcaacccacgacggggctcagggtcgcctcacgcggctcagcaccgcgacggcggggg^ 
1 0 cgggaggctgacaggcgctcagacggccgcgtag^ 
cggcgatgcccgcagjcggcggagcaggcgcxsa^ 
gcggccgggccggagcggggcgaagacaggagcgtcgg^ 

ccttgatgacgtagggaaagttgtaccgcaaaaaacgcagcctgaactagttgcgatcct (SEQ ID NO: 1 46) 

1 5 Two colonies of S. lividans TK-23 pSECA4-phd were inoculated in 10 ml of TS 

medium + 50 ppm tbiostrepton and incubated at 37°C with shaking at 200 rpm for 2 days. 
Three mis of broth were used to inoculate 50 ml of Streptomyces Production medium 1 
and the culture was incubated for 4 days at 37°C with shaking at 200 rpm. 

A sample was taken to assay perhydrolase activity measurement as follows: 10 |ils 

20 of 20 mg/ml ly sozyme were added to 200 \il of sample. After 1 hour of incubation at 

37'C, samples were centrifuged and activity was measured using the pNB activity assay 
described herein. SDS-PAGE and Western blots were also prepared using both clones 
(pSECA4-phd and pSECGT-MSAT), as known in the art. Briefly, after SDS-PAGE, the 
proteins were transferred to PVDF membrane and Western blot analysis was conducted. 

25 The perhydrolase was detected using an anti-perhydrolase polyclonal anti-sera (1 :500 
dilution) prepared against purified perhydrolase protein by Covance. The blot was 
developed using the ECL kit from Amersham. The results indicated that Streptomyces 
lividans strains were capable of expressing active perhydrolase. 
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EXAMPLE 8 

Site-Scanning Mutagenesis of the M smegmatis Perhydrolase Gene 

In this Example, experiments involving site-scanning mutagenesis of the Af. 

5 smegmatis perhydrolase gene are described. In these experiments, the QuikChange® site- 
directed mutagenesis (QC; Stratagene) kit or the QuikChange® Multi Site-Directed 
mutagenesis (QCMS; Stratagene) kit was used to create site-saturation libraries at each 
codon in the entire M smegmatis perhydrolase gene contained in the pMS AT-Ncol 
plasmid. Each perhydrolase codon was mutagenized by replacement with the NNG/C 

10 (NNS; 32 combinations) degenerate codon, which encodes for all 20 amino acids and one 
stop codon. In the case of the QC method, complementary overlapping primers were 
designed for each codon of interest with 18 bases flanking the NNS codon (See, Tables 8- 
1 and 8-2). A comparison of cartridge purified versus unpurified primers (desalted only) 
revealed a better representation of amino acids in the libraries made with purified primers 

15 (15-19 amino acids versus 1 1-16 with unpurified primers). Thus, a majority of the 

libraries were created with the QC method and purified primers. A small number of the 
libraries were made using the QCMS method and a single 5* phosphorylated forward 
primer containing 1 8 bases flanking both sides of the NNS codon (See, Table 8-1), 
however this method resulted in a greater wild type background and fewer amino acid 

20 substitutions per site compared to the QC methods. Libraries "nsa301" and "nsa302" 
were made using the QCMS method, but a trinucleotide mix made up of a single codon 
for each of the 20 amino acids (i.e., rather than 32 possibilities encoded by NNS for the 
20 amino acids) was incorporated within the primers at the sites of interest 


TnhlftfUI. Site-Saturation Forward Primers 

Residue 

Primer 

Primer Seauence 

Ml 

nsa202F 

taacaeeaegaattaaccnnseccaaeceaattctetet CSEO ID NO: 1471 

A2 

nsa203F 

caeeaeeaattaaccatennsaaecgaattctetetttc (SEO ID NO: 1481 
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K3 

nsa204F 

u 

gaggaattaaccategccimscgaauctEtgnicggi (msu su iw.wyi j 

R4 

nsa205F 

raattaaccateeccaaennsattctfitetttcgeicat i oexj ixj inu. idui i 

15 

bsa206F 

ttaaccatggcx^aaeceaimsctetetttceeteattcc ( btxj iu wu. on | 

L6 

nsa207F 

accatceccaacceaattmstgtttceeteattccctc (JSEOID JNU.oz) I 

C7 

nsa208F 

atgBccaagcgaattctgnnsttcggtgattcccteacc (5>bUlOiviu.lD3) | 

F8 

nsa209F - 

eccaaeceaattctetetnnsgEteattccctgacctee (SEO IDNtJMM) j 

G9 

nsa210F 

aaeceaattctetemcnnscattccctcacctegeEC (SEO ID NO: 155) 1 

D10 

nsa!68F 

beaattctetgtttceetnnstcccteaccteeKPctge (SEO ID NO: 156) 

Sll 

nsa212F 

attctBtetttcecteatnnscteaccteeeectceetc CSEO ID NO:157) 

L12 

nsal69F 

btetctttceKteattccraisacctgceecteeetcccc CSEO ID NO:158) 

T13 

nsal70F 

ttimcgrtcattccctennsteeeecteeetccccfftc CSEO ID NO: 159) 

W14 

nsal71F 

ttcgctsattrcctraccniisgecteeetccccctcgaa (SEO ID NO: 160) 

G15 

nsa216F 

etiteattcccteaccteennsteeetccccetCBaacac (SEO ID NO: 161) 

W16 

nsal72F 

eattcccteacctBfieeciinsetccccgtcgaagacffee (SEO ID NO: 162) 

VI 7 

nsa218F 

tccctcacctcceectcennscccetceaaeacffEceca (SEO ID NO: 163) 

PI 8 

nsa219F 

ctcaccteeeectgcfitcimsfftceaaeaceffBccaccc (SEO ID NO: 1 64) 

tvi9 

nsa220F 

acctgeeectgggtccccunsgaagacegggcacccacc (SEO ID NO. 165) 

Ie20 

nsa221F 

tgeegctegetccccgtcnnsgacgggecacccaccgag (SEO ID NO. 166) 

fc)21 

nsa222F 

eectgeetccccetceaannsgceecacccacceagcgg (SEO ID N(J. 16 /) 

!g22 

nsa223F 

tgggtccccetcgaaeacnnsecacccaccgaeceettc (SEO ID NO. 168) 

A23 

nsa224F 

gtccccgtcgaaeacgeennscccacceagcgettcgcc (SEO ID NO: 1 69) 

L. 

P24 

nsal91F 

cccgtcgaaeacggeecannsacceaecggttceccccc (SEO ID NO: 170) 

T25 

osal92F 

gtceaagaceeeecacccnnsgagcggttcgcccccgac (SEO ID NO:171) 

E26 

nsa227F 


R27 

nsa228F 

gacggeecacccacceagnnsttcecccccgacgtgcec CSEO ID NO: 173) 

F28 

nsa229F 

eeggcacccaccgaeceennsgcccccgacgtgcgctgg f SEO ID NO: 1 74) 

A29 

nsa230F 

gcacccacceagcggttcnnscccgacetgcgctggacc CSEO ID NO: 175) 

P30 

nsa231F 

cccaccgaecggttceccnnsgacetecBCteeaccggt ( SEO ID NO: 1 16) 

D31 

nsa232F 

acceasceettcecccccnnsetecgctegaccgetetg ( SEO ID NO: 177) 

V32 

nsa233F 

Bagcgertcgcccccgacnnscgctegaccefftgtgctg (SEO ID NO: 178) 

R33 

nsa234F 

cggttcgcccccgacgtgnnstggaccgetgtgctggcc fSEO ID NO: 179) 

W34 

nsa235F 

ttcgcccccgacgtgcgcunsaccgetgtgctegcccag CSEO ID NO: 1 80) 

T35 

nsa236F 

BcccccgacgtgCECtggimsggtgtgctBgcccagcag CSEO ID NO:l 81 ) 
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G36 

nsa237F 


V37 

osa238F 

<J3f^fft<>f t Of*1'0051f*f v O'<rfllTIC^*t<KW*/V*!i<w*«»*»/*f/*/w**» / CT7/~\ TT"^ XT/~V. 1 01\ 

L38 

nsa239F 


A39 

nsa240F 

cRciRgaccggtggcignriscagcagctcggagcggac f MsO ID NO: 185) 

040 

nsa241F 

tggaccggigtgciggccnnscagcicggagcggacttc (bfcU ID NO: 1 86) 

041 


accggcgtgciggcccagrtnsctcggagcggacttcgag (b£Q ID NO: 1 87) 

L42 

U2kL£»*t Jlr 

ggtgtgctggcccagcagnnsggagcggacttcgaggtg (SEO ID NO:l 88) 


□5aZ*rHJP 

gtgctggcccapcap;rtnnnsgcggacttcgaggtgatc ( SEP ID NO: 1 89) 

A44 


ctggcccagcagctcggannsgacttcgaggtgatcgag (SEOIDNO:190) 

D4S 


gcccagcagctcggagcgnnsttcgaggtgatcgaggag (SEO ID NO:191) 

r*fo 

n ooO/1 TIT 

cagcagctcggagcggacnnsgaggtgatcgaggaggga (SEO ID NO: 1 92) 


n nnO A OX? 

cagctcggagcggacttcnnsgtgatcgaggagggactg ( SEO ID NO: 1 93) 

V*fro 


ctcggagcggacttcgagnnsatcgaggagggactgagc (SEO IDNO:194) 


USaZ j Ur 

ggagcggacttcgaggtgnnsgaggagggactgagcgcg (SEOIDNO:195) 


nsazoir 

gcggacttcgaggtgatcnnsgagggactgagcgcgcgc (SEO ID NO: 1 96) 

JO 1 

nca^OP 

gacttcgaggtgatcgagnnsggactgaecgcgcgcacc (SEO IDNO:197) 


osazjjr 

ttcgaggtgatcgaggagnnsctgagcgcecgcaccacc (SEO ID NO: 198) 

r 

nsaiyjr 

gaggtgatcgaggagggannsagcgcgcgcaccaccaac (SEO ID NO:199) 

uJt 

□Sal /jr 

gtgatcgaggagggactgnnsgcgcgcaccaccaacatc (SEO ID NO:200) 

rVJJ 

nca 1 7 AT* 

atcgaggagggactgagcnnscgcaccaccaacatcgac (SEO IDNO:201) 

RS6 

ncsi7V7T« 

gaggagggactgagcgcgnnsaccaccaacatcgacgac (SEO ID NO:202) 

X */ / 


gagggactgagcgcgcgcrmsaccaacatcgacgacccc (SEO ID NO:203) 


□2MlZO;/.r 

; gact ga gc gc gc gca ccnnsaacatc gac gaccccacc (SEO ED NO:204) 

N59 

nsa260F 

stgagcgcgcgcaccaccrinsatcgacgaccccacceat (SFO TT> NO- 

160 

isa261F 

agcgcgcgcaccaccaacnnsgacgaccccaccgatccg (SEO ID NO:206) 

D61 

isa262F 

jcgcgcaccaccaacatcnnsgaccccaccgatccgcgg (SEO ID NO:207) 

D62 

osa263F 

^gcaccaccaacatcgacrmscccaccgatccgcggctc (SEO ID NO:208) 

P63 

isa264F 

iccaccaacatcgacgacnnsaccgatccecggctcaac (SEO ID NO:209) 

T64 

isa!94F 

iccaacatcgacgaccccnnsgatccgcggctcaacggc (SEO IDNO:210) 

D65 

isa!95F 

lacatcgacgaccccaccmisccgcggctcaacggcgcg (SEO ID NO:21 1) 

P66 t 

isa267F 

itcgacgaccccaccgatnnscggctcaacggcgcgagc (SEO ID NO:212) 

R67 1 

isal96F £ 

racgaccccaccgatccgnnsctcaacggcgcgagctac (SEO ID NO:213) 

L68 nsa269F t 

jaccccaccgatccgcgennsaacggcgcgaectacctg (SEO K)NO:214) 
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N69 

nsa270F 

cccacceatcceceectcnnseececeaEctaccteccc fSEOIDNO:215) I 

G70 

nsa271F 

acccatcceceectcaacnnscceaectaccteccetce ( SEO ID NO:21 6) 

A71 

nsa272F 

eatccecsBctcaaceccmisacctaccteccetcetec ( SEO ID NO:21 7) 

S72 

nsa273F 

ccccgeclcaaccececfinnstaccteccetcetscctc (SEOIDNO:218Y 1 

|Y73 

osa274F CceectcaaceTCeceaecmiscteccetcetgcctcfice fSEOIDNO:2191 

1l74 

tisa275F fctcaacecceceaectacrmsccctcetccctccceace ( SEO ID NO:220) 

|P75 

osa276F 

aaceeccccaectaccteimstcetecctcBceacecac (SEO ID NO:221Y 

Is76 

nsa277F 

eececgaectaccteccermstecctcficeacecacctc (SEO ID NO:222> 

[C77 

nsa278F 

Bceaectaccteccetcennsctceceacecacctecce (SEO ID NO:223Y 

Il78 

nsa279F 

aectaccteccetcetficnnseceacecaccteccectc ( SEO ID NO:224Y 

LV79 

nsa280F 

taccteccetcetecctcnnsacecacctBccectccac (SEO ED NO:225Y 

[r80 

nsa281F 

cteccgtcetecctcgcgnnscaccteccgctcgaccte (SEO ID NO:226) 

Ihsi 

nsa282F 

ccetcetecctcgcgacgmisctgccgctcfiacctgEtg (SEO ED NO:227) 

L82 La283F 

tcetEcctcccgacecacaMisccgctcgacctegtgatc (SEO ID NO:228) I 

P83 

nsa284F 

tgcctcecgacgcacctp^nsctcpacctggtgatcatc f SEO ID NO:229> 


osa285F 

ctcgceacgcaccteccgnnseacctggtgatcatcate (SEO ID NO:230) 

b85 

nsa286F kceacecaccteccgctcnnsctceteatcatcatecte (SEOIDNO:231Y 

L86 

nsa287F facccacctcccectceacnnsctcatcatcatecteeec ( SEO ID NO:232V 

V87 

nsa288F 

cacctgccgctcgacctgnnsatcatcatectgggcacc (SEO ID NO:233> 

[88 

nsa289F 

ctgccgctcgacctggtPtwijaitcatpctgegcacjcaac ( SEO ID NO:234) 

189 

nsa290F 

ccgctcgacctggtgatcnnsatectgggcaccaacgac (SEO ID NO:235Y 

M90 

nsa291F 

ctcgacctggtgatcatcnnsctgggcaccaaceacacc ( SEO ID NO:236) 

L91 

nsa292F 

gacctggtgatcatcatgnnsggcaccaacgacaccaag (SEO ID NO:237) 

G92 

nsa293F 

ctggtgatcatcatgctennsaccaacgacaccaaeecc (SEO ID NO:238> 

T93 

asa294F 

gtgatcatcatgctgggcnnsaacgacaccaaggcctac (SEO ID NO:239) 

N94 

nsal75F 

atcatcatectgggcaccnnsgacaccaaeecctacttc (SEO ID NO:2401 

D95 

nsa!97F 

atcatgctgggcaccaacnnsaccaaggcctacttccgg (SEO ID NO:241) 

T96 

nsa297F 

atectesgcaccaacgacnnsaaggcctacttccegcgc (SEO ID NO:242) 

K97 

nsal76F 

cteggcaccaacgacaccnnsgcctacttccggcgcacc (SEO ID NO:243) 

A98 

nsa299F 

ggcaccaacgacaccaagnnstacttccggcgcacccce f SEO ID NO:244) 

Y99 

nsa!77F 

accaacgacaccaaggccnnsttccggcgcaccccectc (SEO ID NO:245) 

F100 

nsa301F 

aacgacaccaaggcctacXXXcggcgcaccccgctcgac (SEQ ID 
NO:246Y 

R101 

nsa302F 

eacaccaaggcctacttcXXXcgcaccccgctcgacatc (SEO ID NO:247) 
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R102 

osa303F accaacecctacttccsennsaccccgctceacatcece (SEO ID NO:248^ 

no3 

nsa304F jaacccctacttcccececnnsccgctccacatccccctc (SEO ID NO:249^ 

P104 

nsa305F ecx^cttcceBcecaccmiRctc^acatcccgctecec (SEO ID NO:25(ft 

L105 

nsa306F rtacttcccececaccccennscacatcececteeecats (SEO IDNO:251) 

D106 

osa307F 

ttccggcgcaccccgctcnnsatcgcgctggecatetce (SEO ID NO:252> 

1107 

nsa308F 

cggcgcaccccectcgacnnsecgctgggcatgtcggtg (SEO ID NO:253 > ) 

A108 

nsa309F 

cgcaccccgctceacatcnnsctgggcatgtcggtectc ( SEO ID NO:254) 

L109 

nsa310F 

accccectcgacatcecgnnsgecatetcggtcctCGtc (SEO ID NO:255) 

G110 

asa311F 

ccgctcgacatcccgctennsatgtcggtectcetcacg (SEO ID NO:256) 

Mill 

asa312F 

ctcgacatcecgctgggcimstcggtgctcetcacgcag (SEO ID NO:257> 

S112 

nsa313F 

cacatcecgctp;p;p[ratRnnsptectcetcacgcaeete (SEO ID NO:258) 

V113 

nsa314F 

atcBcgctegecatBtcgnnsctcctcacgcaefitectc (SEO ID NO:259) 

LI 14 

nsa3 1 5F lececteeccatBtccetennsgtcacecagstectcacc ( SEO ID NO:26(rt 

VI 15 

nsa316F frteeccatctceetectcnnsacecacctcctcaccaec (SEOIDNO:26n 

H16 

Qsa3 1 7F jcgcatetccetcctcfitcnnscaeetcctcaccaffcece (SEO ID NO:262) 

0117 

ns»3 1 RF btptcffetpctcgtcacennsctgctcaccaececeeec ( SEO ID NO:263) 

V118 

nsa319F 

tcegtgctcgtcacecagnnsctcaccagcecececgec (SEO ID NO:264> 

L119 

nsa320F 

gtectcgtcacgcaeelgnnsaccagcgcggecggcgtc ( SEO ID NO:265) 

T120 

nsa321F 

ctcgtcacecaeetgctcnnsagcgcgeeceecetcegc (SEO ID NO:266> 

S121 

nsa322F 

gtcacgcaggtgctcaccnnsgcgggcggcgtcggcacc ( SEO ID NO:26T> 

A122 

nsa323F 

acgcaggtgctcaccagcnnsggcggcgtceecaccacg (SEO ID NO:268) 

G123 

nsa324F 

cagetgctcaccagcgcgnnsgecgtcggcaccacgtac (SEO ID NO:269) 

G124 

nsa325F 

gtectcaccagcgcgggcnnsgtcggcaccacetacccg ( SEO ID NO:270> 

VI 25 

nsal98F 

ctcaccagcgcgggcggcimsggcaccacgtacccggca (SEO ID NO:271} 

G126 

nsa327F 

accagcgcgggcggcgtcnnsaccacgtacccggcaccc (SEO ID NO:272) 

T127 

nsa328F 

agcgcgggcggcgtcggcnnsacgtacccggcacccaag ( SEO ID NO:273) 

T128 

nsa329F 

gcgggcggcetcggcaccnnstacccggcacccaaeetg (SEO ID NO:274) 

Y129 

nsa330F 

ggcggcgtcggcaccacgnnsccggcacccaaggtgctg (SEO ID NO:275} 

P130 

nsa331F 

egcgtcggcaccacgtacnnsgcacccaaegtgctggtg (SEO ID NO:276) 

A131 

nsa332F 

gtcggcaccacgtacxcgraiscccaaggtgctegtggtc (SEO ID NO:277) 

P132 

nsa333F 

ggcaccacgtacccggcannsaaggtgctggtggtctcg (SEO ID NO:278) 

K133 

asa334F 

accacgtacccggcacccnnsgtgctggtggtctcgccg (SEO ID NO:279) 

V134 

nsa335F 

acgtacccggcacccaaennsctggtggtctcgccgcca (SEO ID NO:280) 
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L135 

nsa336F 

taccccccacc^fl^pnnseteetctcecccccacce f SEO ID NO:28 1 ) I 

V136 

nsa337F 

cceccacccaaeetcctettnsRtctcccceccaccccte ( SEO ID NO:282) 1 

VI 37 

nsa338F 

ecacccaaefit^prptpTinstcficceccaccBcteecc (SEO ID NO:283) J 

S138 

nsa339F 

cccaaeetBctRfitffetcnnsccgccaccecteecgccc (SEO ID NO:284) 

PI 39 

nsaMOF 

^aeetectcete^ctc^imsccaccccteececccatc (SEOIDNO:285^ 

P140 

nsa341F 

gtTOteetefitrtrtpwpnnj^cficteecBCccateccc ( SEO ID NO:286> 

P141 

asa342F 

ctcctcfitctcccceccannscteBCBcccateccecac (SEO ID NO:287> 

L142 

nsa343F 

BtBBtctceccBccaccenri < 5pc:pc<^atficcficacccc (SEO ID NO:288) 

A143 

nsa344F 

gtctcBccEccaccfictennscccatBccscacccctEB ( SEO ID NO:289) 

P144 

osa345F 

tc^ccgccaccpntp^^nTisatBCCBcaccccteettc ( SEO ID NO:290) 

M145 

nsa346F 

cceccacxBctBBCBCccnnsccscacccctfiBttccae (SEOIDNO:29n 

P146 

osal78F 

ccaccBcteecficccatBiinscaccoctBBttccaEttB (SEO ID NO:292) 

H147 

nsa348F 

rcBctBBCBCC^t^pnnsccctBBttccafittEatc (SEO ID NO:293) 

P148 

nsa!99F 

ctBBCBcccatBccBcacnnstBBttccaBttfiatcttc (SEO ID NO:294) 

W149 

nsal79F 

BCBCccatBCCscaccccnnsttccaEttfiatcttCBaE (SEO ID NO:295) 

F150 

nsalSOF 

occatBcx:ec?^^ffpmiRcaettEatcttceaBBEc (SEO ID NO:296> 

bisi 

asa352F 

atBccBcacccctfifittcnnsttsatcttcsasBBCBEc (SEO ID NO:297) 

L152 

nsa353F 

ccecacccctfffittccaeroiRfltKttcf>apgecBBCBafi (SEO ID NO:298) 

1153 

nsa200F 

cacccctsBttccaBttennsttceaBBECBBceaficaB (SEO ID NO:299) 

F154 

nsa201F 

ccctBBttccaBttsatcnnsBaEEBCfificeaBcaBaafi (SEO ID NO:300) 

El 55 

Qsa356F 

tBEttccaEttsatcttcnnsEECBBCBaBcasaaeacc (SEO ID NO:301) 

G156 

osa357F 

ttccaettEatcttnprapTiTisp[pcBaEcaBaaEaccact (SEO ID NO:302) 

G157 

asa358F 

caBtteatcttCBaEEecnnsBaBcaBaaBaccacteaE (SEO ED NO:303) 

E158 

nsa359F 

ttEatcttcBaBBBCEEcnnscaEaaeaccactEaEctc (SEO ID NO:304) 

0159 

nsa360F 

atcttcsasBECEBCBaEnnsaasaccactEaEctcscc (SEO ID NO:305) 

K160 

nsa361F 

ttceaeBficeBCBaecag^insaccactEaEctCECCCEC (SEO ID NO: 306) 

T161 

nsa362F 

BaBEBCBecEascaeaaennsacteaEctCEcccecetB (SEO ID NO:307) 

T162 

nsa363F 

eeceeceascaeaaeaccnnseaectcEcccecetEtac (SEO ID NO:308) 

E163 

nsa364F 

BBCEaBcaBaaBaccactnnsctcECCcBCBtEtacaEC (SEO ID NO:309) 

L164 

nsa365F 

eaecaeaaeaccactsafinnsEcccecetEtacaececE (SEO EDNO:310) 

A165 

nsa366F 

casaaeaccacteasctcnnscBCEtetacaECBCEctc (SEO ID NO:31 11 

R166 

nsa367F 

aasaccacteaectceccimsEtEtacaECBcgctcBCE (SEO ID NO:312) 

V167 

nsa368F 

accacteaBCtcecccEcnnstacaecBCBctcecEtcE (SEO ID NO:3 1 3) 
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Y168 

asa369F 

acteacctcecccgcetennsaecgcectcecetccttc (SEO ID NO:314^ 

S169 

nsa370F 

eaectcgcccccfitctacnnsecectcecetcettcate (SEO ID NO:315) 

A170 

nsa371F 

ctcBCccccetetacaecraisctcccetccttcateaae (SEOIDNO:31<>> 

L171 

nsa372F 

ecccgcgtgtacaccgcgrmsgcetcettcatgaaggte (SEO ID N0:3 1 7) 

A172 

osa373F 

cecetetacacceccctcnnstcBttcatEaaectccce (SEO ID N0:3 1 8) 

S173 

nsa374F 

etctacaececf^tcfrr.p[nnsttcateaaeetsccettc (SEO ID NO:319) 

F174 

osa375F 

tacaecccectcecetccnnsateaaceteccfittcttc ( SEO ID NO:320) 

M175 

nsa376F 

acceccctcecBtcettcnnsaagstccccttcttccac (SEO ID NO.321) 

IC176 

nsa377F 

ecectcccetcettcateraisetecccttcttceaccce ( SEO ID NO:322) 

VI 77 

asa378F 

ctcecetcBttcatgaaEraisccettcttceaceceeet (SEO ID NO:323> 

PI 78 

osa379F 

scBtcettcateaaectennsttcttceacecegettcff (SEO ID NO:324) 

F179 

nsa380F 

tcgttcatgaaggtgccgnnsttcgacgcgeettcegtg (SEO ID NO:325) 

F180 

nsa381F 

ttcateaaeeteccettcnnseaceccecttcscteatc (SEO ID NO:32« 

D181 

osa382F 

ateaaeetecccttcttcnnsecgccttccetBatcacc (SEO ID NO:327* 

A182 

asa383F 

aaggtgccgttcttcgacnnsggttccgtgatcaecacc (SEO ID NO:328^ 

G183 

nsa384F 

etccccttcttceacccBimstceeteatcagcacceac (SEO ID NO:329^ 

S184 

nsa385F 

ccettcttceaceceeetnnsBteatcaecacccaceec (SEOIDNO:330> 

V185 

nsa386F 

ttcttcgacgcggettcgrnisatcagcacceacggcetc (SEO IDNO:33H 

[186 

nsa387F 

ttccaceceeettceetennsaecacceaceccfitccac (SEO ID NO:332) 

S187 

nsa388F 

gacecgggttcggtgatcnnsaccgacggcgtcgacgga (SEO ID NO:333) 

T188 

nsa389F 

gcgggttcggtgatcaecnnsgacggcgtcgacgeaatc (SEO ID NO:334> 

D189 

nsa390F 

ggttcegtgatcagcaccnnsggcgtcgacggaatccac (SEO ID NO:335) 

G190 

nsa391F 

tcggtgatcagcaccgacnnsetcgacgeaatccacttc (SEO ID NO:336) 

V191 

nsa392F 

etgatcaecaccgacggcnnseacegaatccacttcacc (SEO ID NO:337) 

D192 

nsa393F 

atcagcaccgacggcetcnnsgeaatccacttcaccgag (SEO ID NO:338) 

G193 

nsa394F 

aecaccgacggcgtcgacnnsatccacttcaccgaggcc (SEO ID NO:339 > l 

[194 

nsal81F 

accgacgecgtccacggarmjMiacttcaccgagcccaac (SEO ID NO:340) 

HI 95 

nsa396F 

gacggcgtcgacggaatcnnsttcaccgaegccaacaat (SEOIDNO:34n 

F196 

nsal82F 

ggcgtcgacggaatccacnnsaccgaggccaacaatcgc (SEO ID NO:342) 

T197 

nsa398F 

etcgacggaatccacttcnnsgaggccaacaatceceat (SEO ID NO:343) 

El 98 

nsa399F 

eacggaatccacttcaccnnsgccaacaatcgceatctc (SEO ID NO:344) 

A199 

nsa400F 

ggaatccacttcaccgagnnsaacaatcgceatctcggg (SEO ID NO:345) 

N200 

nsa401F 

atccacttcaccgaggccnnsaatcgceatctcggggte (SEO ID NO:346) 
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NT201 

nsa402F 

cacttcacccageccaacnnsceccatctcgeeeteecc ( SEO ID NO:347> 

R202 

nsa403F 

ttcacccaecccaacaatanseatctcEficetceccctc (SEO ID NO:348^ 

D203 

nsa404F 

acceaeeccaacaatcffcnnsctceceetccccctcece ( SEO ID NO:349) 

L204 

nsa405F 

gaggccaacaatcgcgatnnsegggt&sccctcgcggaa (SEO ID NO:350Y 

G205 

nsa406F 

eccaacaatceceatctcnnsetceccctcececaacae ( SEO ID NO:35H 

V206 

nsa407F 

aacaatcgcgatctcgggnnseccctcgcggaacagete (SEO ID NO:352) - 

A207 

nsa408F 

aatcgceatctcggggtgrmsctcecggaacaggtgcaff fSEO ID NO:353) 

L208 

nsa409F 

ceceatctceeeetecccnnsccffeaacasetccaeaec (SEO ID NO:354^ 

A209 

nsa410F 

gatctcggggtgeccctcnnsgaacaggtgcagagcctg (SEO ID NO:355^ 

E210 

nsa411F 

ctceeeeteeccctceccnnscaeetscaeaecctccte (SEO ID NO:356^ 

0211 

nsa412F 

cceeteeccctcgceeaaimsetecaeaccctcctctaa (SEO ID NO:357* 

V212 

nsa413F 

gtggccctcgcgeaacaennscagagcctgctgtaaaae (SEO ED NO:358) 

0213 

nsa414F 

eccctcgcggaacaggtennsagcctectetaaaageec (SEO ID NO:359^ 

S214 

nsa415F 

ctcgcggaacaggtgcagnnsctgctgtaaaaeggceaa (SEO ID NO:360> 

L215 

nsa416F 

gcggaacaggtgcagagcnnsctfitaaaagegceaattc (SEOE)NO:36n 

L216 

nsa417F 

gaacagetgcagaecctennstaaaagggceaattctec (SEO ED NO:362> 


Tali 

le 8-2 Site-Saturation Reverse Primer Seauences 

Residue 

Primer 

Primer Seauence 

Ml 

osa202R 

ACACAGAATTCGCTTGGCSNNGGTTAATTCCTCCTGTTA 
fSEO ID 1^0:363^ 

A2 

nsa203R 

GAAACACAGAATTCGCITSNNCATGGTTAATTCCT 
(SEOIDNO:364> 

K3 

nsa204R 

AGCGAAACACAGAATTCGSNNGGCCATGGTTAATTCCTC 
(SEOIDNO:365> 

R4 

nsa205R 

ATCACCGAAACACAGAATSNNCTTGGCCATGGTTAATTC 
fSEOIDNO:366^ 

15 

nsa206R 

GGAATCACCGAAACACAGSNNTCGCTTGGCCATGGTTAA 
(SEOIDNO:36T> 

L6 

nsa207R 

CAGGGAATCACCGAAACASNNAATTCGCTTGGCCATGGT 
fSEOIDNO:368^ 

C7 

nsa208R 

GGTCAGGGAATCACCGAASNNCAGAATTCGCTTGGCCAT 
fSEOIDNO:369 1 i 

F8 

nsa209R 

CCAGGTCAGGGAATCACCSNNACACAGAATTCGCTTGGC 
fSEOIDNO:37(» 
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G9 

nsa210R 

GCCCCAGGTCAGGGAAirSNNGAAACACAGAATrCGCTT 
fSEOIDNO:37n 

D10 

nsal68R 

CCAGCCCCAGGTCAGGGASNNACCGAAACACAGAATTCG 
fSEOIDNO:372^ 

Sll 

nsa212R 

GACCCAGCCCCAGGTCAGSNNATCACCGAAACACAGAAT 
rSEOIDNO:373^ 

L12 

nsa!69R 

GGGGA(XCAGCCCCAGGTSNNGGAATCACCGAAACACAG 
fSEOIDNO:3741 

T13 

nsal70R 

GACGGGGACCCAGCCCCASNNCAGGGAATCACXX3AAACA 
fSEOIDNO:375^ 

W14 

nsal71R 

rTCGACGGGGACCCAGCCSNNGGTCAGGGAATCACCGAA 
fSEOIDNO:376> 

GI5 

nsa216R 

GTCTTCGACGGGGACCCASNNCCAGGTCAGGGAATCACC 

W16 

asal72R 

CCCGTCTTCGACGGGGACSNNGCCCCAGGTCAGGGAATC 
fSEOIDNO:378^ 

V17 

osa218R 

rGCCCCGTCTTCGACGGGSNNCCAGCCCCAGGTCAGGGA . 
fSEOIDNO:379) 

P18 

nsa219R 

GGGTGCCCCGTCTTCGACSNNGACCCAGCCCCAGGTCAG 
fSEOIDNO:38<» 

V19 

usa220R 

ggtgck}tgcxxx:gtcttcsnnggggacccagcccx:aggt 

fSEO!DNO:38n 

E20 

nsa221R 

CTCGGTGGGTGCCCCGTCSNNGACGGGGACCCAGCCCCA 
bEOIDNO:382> 

D21 

nsa222R 

ccgctcggtgggtgccccsnnttcgacggggacccagcc 

fSEOIDNO:383^ 

G22 

nsa223R 

gaaccgctcggtgggtgcsnngtcttcgacggggaccca 

fSEOIDNO:384> 

A23 

nsa224R 

GGCGAACCGCTCGGTGGGSNNCCCGTCTTCGACGGGGAC 
fSEOIDNO:3851 

P24 

nsal91R 

GGGGGCGAACCGCTCGGTSNNTGCCCCGTCTTCGACGGG 
fSEO ID NO:386) 

T25 

nsal92R 

GTCGGGGGCGAACCGCTCSNNGGGTGCCCCGTCTTCGAC 
fSEOIDNO:387> 

E26 

nsa227R 

cacgtcgggggcgaaccgsnnggtgggtgccccgtcttc 

fSEOIDNO:388^ 

R27 

nsa228R 

GCGCACGTCGGGGGCGAASNNCTCGGTGGGTGCCCCGTC 
fSEOIDNO:389> 

F28 

IcCAGCGCACGTCGGGGGCSNNCCGCTCGGTGGGTGCCCC 
nsa229R IfSEO ID NO:390^ 
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A29 

osa230R 

GGTCCAGCGCACGTCGGGSNNGAACXGCTCGGTGGGTGC 
rSEOIDNO:39n 

P30 

nsa231R 

ACCGGTCCAGCGCACGTCSNNGGCGAACCGCTCGGTGGG 
fSEOIDNO:392> 

D31 

nsa232R 

CACACCGGTCCAGCGCACSNNGGGGGCGAACCGCTCGGT 
fSEOIDNO:393^ 

V32 

nsa233R 

CAGCACACCGGTCXAGCGSNNGTCGGGGGCGAACCGCTC 
fSEOIDNO:394 , i 

R33 

nsa234R 

GGCCAGCACACCGGTCX^ASNNCACGTCGGGGGCGAACCG 
fSEOIDNO:395> 

W34 

nsa235R 

CTGGGCCAGCACACCGGTSNNGCGCACGTCGGGGGCGAA 
rSEOroNO:396^ 

T3S 

nsa236R — 

CTGCTGGGCCAGCACACCSNNCCAGCGCACGTCGGGGGC 
fSEO IDTIO:39T> 

G36 

asa237R 

GAGCTGCTGGGCCAGCACSNNGGTCCAGCGCACGTCGGG 
fSEOIDNO:3981 

V37 

nsa238R 

ra^GAGCTGCTGGGCGAGSNNACCGGTCCAGCGCACGTC 
fSEOIDNO:399^ 

L38 

nsa239R 

CGCTCCGAGCTGCTGGGCSNNCACACCGGTCCAGCXjCAC 
fSEOmNO:400^ 

A39 

nsa240R 

GTCCGCTCCGAGCTGCTGSNNCAGCACACCGGTCCAGCG 
fSEOIDNO:40n 

040 

nsa241R 

GAAGTCCGCTCCGAGCTGSNNGGCCAGCACACCGGTCCA 
rSEOIDNO:402> 

041 

nsa242R 

ctcgaagt<xgctccgagsnnctgggccagcacacx;ggt 

fSEOIDNO:403> 

L42 

nsa243R 

cacctcgaagtccgctccsnnctgctgggccagcacacc 

fSEOIDNO:404> 

G43 

asa244R 

gatcacctcgaagtccgcsnngagctgctgggccagcac 

fSEOIDNO:405^ 

A44 

nsa245R 

CTCGATCACCTCGAAGTCSNNTCCGAGCTGCTGGGCCAG 
fSEOIDNO:406^ 

D45 

osa246R 

CTCCTCGATCACCTCGAASNNCGCTCCGAGCTGCTGGGC 
fSEOIDNO:40T> 

F46 

nsa247R 

TCCCTCCTCGATCACCTCSNNGTCCGCTCCGAGCTGCTG 
rSEOIDNO:408> 

E47 

nsa248R 

CAGTCCCTCCTCGATCACSNNGAAGTCCGCTCCGAGCTG 
fSEOIDNO:409> 

V48 

nsa249R 

GCTCAGTCCCTCCTCGATSNNCTCGAAGTCCGCTCCGAG 
fSEOIDNO:41(» 
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149 

nsa2S0R 

CGCGCTCAGTC(XT(XTCSNNCACCTCGAAGTCCGCTCC 
rSKOTDNO:4in 

ESO 

nsa251R 

GCGCGCGCTCAGTCCCTCSNNGATCACCTCGAAGTCCGC 
rSEOTDNO:412^ 

E51 

nsa252R 

GGTGCGCGCGCTCAGTCXSNNCrCGATCACCTCGAAGTC 
fSEOIDNO^n 1 ! 

G52 

nsa253R 

GGTGGTGCGCGCGCTCAGSNNCIXXTCGATCACCT 
fSEOIDNO:414* 

L53 

nsal93R 

GTTGGTGGTG(XK!GCGCTSNNT(XCTCCTCGATCACCT 
fSEOIDNO:415^ 

S54 

osal73R 

GATGTTGGTGGTGCGCGCSNNCAGTCCCTCCTCGATCAC 
fSEOIDNO:41^ 

A55 

osal74R 

GTCGATGTTGGTGGTGCGSNNGCTCAGTCCCTCCTCGAT 
fSEOIDNO:41Tfc 

R56 

nsa257R 

GTCGTCGATGTTGGTGGTSNNCGCGCTCAGTCCCTCCTC 
fSEOIDNO:41tt 

T57 

osa258R 

GGGGTCGTCG ATGTTGGTSNNGCGCGCGCTC AGTCCCTC 
rSEOIDNO:4191 

T58 

nsa259R 

GGTGGGGTCGTCGATGTTSNNGGTGCGCX3CGCTCAGTCC 
fSEOIDNO:42(» 

N59 

nsa260R 

ATCGGTGGGGTCGTCGATSNNGGTGGTGCGCGCGCTCAG 
fSEOIDNO:42n 

160 

osa261R 

CGGATCGGTGGGGTCGTCSNNGTTGGTGGTGCGCGCGCT 
rSEOIDNO:422^ 

D61 

Dsa262R 

CCGCGGATCGGTGGGGTCSNNGATGTTGGTGGTGCGCGC 
rSEOIDNO:423* 

D62 

asa263R 

GAGCCGCGGATCGGTGGGSNNGTCXjATGTTGGTGGTGCG 
rSEOroNO:424^ 

P63 

nsa264R 

GTTGAGCCGCGGATGGGTSNNGTCGTCGATGTTGGTGGT 
fSEOIDNO:425) 

T64 

nsal94R 

GCCGTTGAGCCGCGGATCSNNGGGGTCGTCGATGTTGGT 
fSEOIDNO:426> 

D65 

nsal95R 

CGCGCCXjTTGAGCCGCGGSNNGGTGGGGTCGTCGATGTT 
fSEOIDNO:427^ 

P66 

nsa267R 

GCTCGCGCCGTTGAGCCGSNNATCGGTGGGGTCGTCGAT 
(SEOIDNO:428> 

R67 

nsal96R 

GTAGCTCGCGCCGTTGAGSNNCGGATCGGTGGGGTCGTC 
rSEOIDNO:429^ 

L68 

nsa269R 

CAGGTAGCTCGCGCCX3TTSNNCCGCGGATCGGTGGGGTC 
fSEOIDNO:43<» 
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N69 

nsa270R 

CGGCAGGTAGCTCGCGCCSNNGAGCCGCGGATCGGTGGG 
fSEOIDNO:43n 

G70 

Dsa271R 

CGACGGCAGGTAGCTCGCSNNGTTGAGCCGCGGATCGGT 
fSEOIDNO:432^ 

A71 

osa272R 

GCACGACGGCAGGTAGCTSNNGCCGTTGAGCCGCGGATC 
fSEOIDNO:433> 

S72 

nsa273R 

GAGGCACGACGGCAGGTASNNCGCGCCGTTGAGCCGCGG 
fSEOIDNO:434* 

Y73 

nsa274R 

CGCGAGGCACGACGGCAGSNNGCTCGCGCCGTTGAGCCG 
fSEOroNO:435^ 

L74 

nsa275R 

CGTCGCGAGGCACGACGGSNNGTAGCTCGCGCCGTTGAG 
fSEOIDNO:43« 

P75 

nsa276R 

GTGCGTCGCGAGGCACGASNNCAGGTAGCTCGCGCCGTT 
fSEOIDNO:437^ 

S76 

nsa277R 

CAGGTGCGTCXK:GAGGCASNNCGGCAGGTAGCTCX3CGCC 
fSEOIDNO:438> 

C77 

osa278R 

CGGCAGGTGCX3TCGCGAGSNNCGACGGCAGGTAGCTCGC 
fSEOIDNO:439^ 

L78 

nsa279R 

GAGCGGCAGGTGCGTCGCSNNGCACGACGGCAGGTAGCT 
fSEOIDNO:440) 

A79 

nsa280R 

GTCGAGCGGCAGGTGCGTSNNGAGGCACGACGGCAGGTA 
fSEOEDNO:44n 

T80 

nsa281R 

CAGGTCGAGCGGCAGGTGSNNCGCGAGGCACGACGGCAG 
fSEOIDNO:442^ 

H81 

nsa282R 

CACCAGGTCGAGCGGCAGSNNCGTCGCGAGGCACGACGG 
fSEOIDNO:443) 

L82 

nsa283R 

GATCACCAGGTCGAGCGGSNNGTGCGTCGCGAGGCACGA 
fSEOIDNO:444^ 

P83 

nsa284R 

GATGATCACCAGGTCGAGSNNCAGGTGCGTCGCGAGGCA 
fSEOIDNO:445^ 

L84 

nsa285R 

CATGATGATCACCAGGTCSNNCGGCAGGTGCGTCGCGAG 
fSEOIDNO:44ffl 

D85 

nsa286R 

CAGCATGATGATCACCAGSNNGAGCGGCAGGTGCGTCGC 
fSEOIDNO:447^ 

L86 

nsa287R 

GCCCAGCATGATGATCACSNNGTCGAGCGGCAGGTGCGT 
fSEOIDNO:448> 

V87 

nsa288R 

GGTGCCCAGCATGATGATSNNCAGGTCGAGCGGCAGGTG 
fSEOIDNO:449> 

188 

nsa289R 

GTTGGTGCXJCAGCATGATSNNCACCAGGTCGAGCGGCAG 
fSEO!DNO:45(n 


208 


GC821-2 O 


189 

nsa290R 

GTCGTTGGTGCCCAGCATSNNGATCACCAGGTCX3AGCGG 
fSFOIDNO:45n 

M90 

nsa291R 

GGTGTCGTTGGTGCCCAGSNNGATGATCACCAGGTCGAG 
fSEOIDNO:4521 

L91 

osa292R 

CTTGGTGTCGTTGGTGCCSNNCATGATGATCACCAGGTC 
rSEOIDNO:453^ 

G92 

nsa293R 

GGCCTTGGTGTCGTTGGTSNNCAGCATGATGATCACCAG 
fSEOBDNO^ 

T93 

nsa294R 

GTAGGCXrrTGGTGTCGTTSNNGCCCAGCATGATGATCAC 
fSEOIDNO:455> 

N94 

nsal75R 

GAAGTAGGCCTTGGTGTCSNNGGTGCCCAGCATGATGAT 
fSEOIDNO:456) 

D95 

asal97R 

CCGGAAGTAGGCCTrGGTSNNGTTGGTGCCCAGCATGAT 
fSEOIDNO:457> 

T96 

nsa297R 

GCGCCGGAAGTAGGCCTTSNNGTCGTTGGTGCCCAGCAT 
fSEOIDNO:458> 

K97 

nsal76R 

GGTGCGCCGGAAGTAGGCSNNGGTGTCGTTGGTGCCCAG 
fSEOIDNO:459^ 

A98 

osa299R 

CGGGGTGCGCCGGAAGTASNNCTTGGTGTCGTTGGTGCC 
rSEOIDNO:460> 

Y99 

osal77R 

GAGCGGGGTGCGCCGGAASNNGGCCTTGGTGTCGTTGGT 
fSEOIDNO:46n 

F100 

nsa301R 

GTCGAGCGGGGTGCGCCGSNNGTAGGCCTTGGTGTCGTT 
fSEO!DNO:462> 

R101 

nsa302R 

GATGTCGAGCWGGGTGCGSNNGAAGTAGGCCTTGGTGTC 
fSEOIDNO:4631 

R102 

nsa303R 

CGCGATGTCGAGCGGGGTSNNCCGGAAGTAGGCCTTGGT 
fSEOK)NO:464> 

T103 

nsa304R 

CAGCGCGATGTCGAGCGGSNNGCGCCGGAAGTAGGCCTT 
fSEOIDNO:465> 

P104 

nsa305R 

GCCCAGCGCGATGTCGAGSNNGGTGCGCCGGAAGTAGGC 
^SEOIDNO:466^ 

L105 

nsa306R 

CATGCCCAGCGCGATGTCSNNCXX3GGTGCGCCGGAAGTA 
CSEOIDNO:467> 

D106 

nsa307R 

CGACATGCCCAGCGCGATSNNGAGCGGGGTGCGCCGGAA 
fSEOIDNO:468^ 

1107 

nsa308R 

CACCGACATGCCCAGCGCSNNGTCGAGCGGGGTGCGCCG 
fSEOIDNO:469> 

A108 

nsa309R 

GAGCACCGACATGCCCAGSNNGATGTCGAGCGGGGTGCG 
fSEOE>NO:47(» 


. C T/^JU^0^3S PCT/US2004/040438 
GC821-2 


L109 

osa310R 

GACGAGCACCGACATGCCSNNCGCGATGTCGAGCGGGGT 
fSEOIDNO:47n 

G110 

nsa311R 

CGTGACGAGCACCGACATSNNCAGCGCGATGTCGAGCGG 
fSEOIDNO:472^ 

Mill 

nsa312R 

CTGCXjTGACGAGCACCGASNNGCCCAGCGCGATGTCGAG 
fSEOIDNO^ 1 ! 

SI 12 

nsa313R 

CACCTGCGTGACGAGCACSNNCATGCCCAGCGCGATGTC 
fSEOIDNO:474^ 

VI 13 

nsa314R 

GAGCACCTGCGTGACGAGSNNCGACATGCCCAGCGCGAT 
fSEOIDNO:475* 

LI 14 

nsa315R 

GGTGAGCACCTGCGTGACSNNCACCGACATGCCCAGCGC 
fSEOIDNO:47tt 

VI 15 

nsa316R 

GCTGGTGAGCACCTGCGTSNNGAGCACCGACATGCCCAG 
fSEOIDNO:477> 

T116 

nsa317R 

CGCGCTGGTGAGCACCTGSNNGACGAGCACCGACATGCC 
fSEOIDNO:478^ 

0117 

nsa318R 

GCCCGCGCTGGTGAGCACSNNCGTGACGAGCA<XGACAT 
fSEOIDNO:479^ 

V118 

nsa319R 

GCCG<XCGCGCTGGTGAGSNNCTGCGTGACGAGCA(XGA 
fSEOIDNO:480> 

LI 19 

asa320R 

GACGCCGCCCGCGCTGGTSNNCACCTGCGTGACGAGCAC 
fSEOIDNO:48n 

T120 

nsa321R 

GCCGACGCCGCCCGCGCTSNNGAGCACCTGCGTGACGAG 
fSEOIDNO^^ 

S121 

nsa322R 

GGTGCCGACGCCGCCCGCSNNGGTGAGCACCTGCGTGAC 
fSEOIDNO:483> 

A122 

nsa323R 

CGTGGTGCCGACGCCGCCSNNGCTGGTGAGCACCTGCGT 
fSEOIDNO:484^ 

G123 

nsa324R 

GTACGTGGTGCCGACGCCSNNCGCGCTGGTGAGCACCTG 
fSEOIDNO:485^ 

G124 

nsa325R 

CGGGTACGTGGTGCCGACSNNGCCCGCGCTGGTGAGCAC 
fSEOIDNO:48<y> 

V125 

nsal98R 

rGCCGGGTACGTGGTGCCSNNGCCGCCCGCGCTGGTGAG 
fSEOIDNO:48T> 

G126 

nsa327R 

GGGTGCCGGGTACGTGGTSNNGACGCCGCCCGCGCTGGT 
fSEOIDNO:488^ 

T127 

asa328R 

CTTGGGTGCCGGGTACGTSNNGCCGACGCCGCCCGCGCT 
fSEOIDNO:489^ 

T128 

nsa329R 

CACCITGGGTGCCGGGTASNNGGTGCCGACGCCGCCCGC 
fSEOIDNO:49<» 


210 


~ ^ > kW l^"?^? S BA ^ £? PCTAJS2004/040438 
GC821-2 


Y129 

nsa330R 

CAGCACCITGCKjTGCCGGSNNCGTGGTGCCGACGCCGCC 
fSEOIDNO:49n 

PI 30 

Ua331R 

CAC^AGCACCTTGGGTGCSNNGTACGTGGTGCCGACGCC 
fSEOIDNO:492> 

A131 

asa332R 

GA<XACCAGCACCTTGGGSNNCGGGTACGTGGTGCCGAC 
rSEOIDNO:493^ 

P132 

nsa333R 

CGAGACCA(XAGCACCTTSNNTGCCGGGTACGTGGTGCC 
fSEOIDNO:494^ 

K133 

osa334R 

CGGCGAGACCACCAGCACSNNGGGTGCCGGGTACGTGGT 
fSEOIDNO:495^ 

V134 

nsa335R 

rGGCGGCGAGACCACCAGSNNCTTGGGTGCCGGGTACGT 
fSEOIDNO:49tt 

L135 

nsa336R 

CGGTGGCGGCGAGACCACSNNCACCTTGGGTGCCGGGTA 
fSEOIDNO:49rk 

VI 36 

nsa337R 

CAGCGGTGGCGGCGAGACSNNCAGCACCTTGGGTGCCGG 
fSEOIDNO:49^ 

VI 37 

nsa338R 

CGCCAGCGGTGGCGGCGASNNCACCAGCACCTTGGGTGC 
fSEOIDNO:499* 

S138 

osa339R 

GGGCGCCAGCGGTGGCGGSNNGACX^ACCAGCACCTTGGG 
fSEOIDNO:50m 

PI 39 

osa340R 

CATGGGCGCCAGCGGTGGSNNCGAGACCACCAGCACCTT 
fSEOIDNO:50n 

P140 

asa341R 

CGGCATGGGCGCCAGCGGSNNCGGCGAGACCACCAGCAC 
rSEOIDNO:502) 

P141 

nsa342R 

gtgcggcatgggcgcx:agsnntggcggcgagaccaccag 

rSEOIDNO:503> 

L142 

nsa343R 

ggggtgcggcatgggcgcsnncggtggcggcgagaccac 

fSEOIDNO:504> 

A143 

nsa344R 

CCAGGGGTGCGGCATGGGSNNCAGCGGTuGCCjOCajAuAO 
fSEOIDNO:505> 

PI 44 

jnsaJ4fR 

HX ** *T ^--nrGTGCGGCATSNNCGCCAGCGGTGGC^GT^ \ 
iSE< ■ »D NO:506* 

M145 

nsa346R 

CTGGAACCAGGGGTGCGGSNNGGGCGCCAGCGGTGGCGG 
fSEOIDNO:507> 

P146 

nsal78R 

CAACTGGAACCAGGGGTGSNNCATGGGCGCCAGCGGTGG 
fSEOIDNO:5081 

H147 

nsa348R 

GATCAACTGGAACCAGGGSNNCGGCATGGGCGCCAGCGG 
fSEOIDNO:509^ 

P148 

nsal99R 

GAAGATCAACTGGAACCASNNGTGCGGCATGGGCGCCAG 
fSEOIDNO:510) 
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W149 

nsal79R 

CTCGAAGATCAACTGGAASNNGGGGTGCGGCATGGGCXjC 
fSEOIDNO:5in 

F150 

nsal80R 

GCCCTCGAAGATCAACTGSNNCCAGGGGTGCGGCATGGG 
fSEOIDNO:512> 

0151 

nsa352R 

GCCGCCCTCGAAGATCAASNNGAACCAGGGGTGCGGCAT 
fSEOIDNO:513^ 

L152 

nsa353R 

CTCGCCGCCCTCGAAGATSNNCTGGAACCAGGGGTGCGG 
fSEOIDNO:51*» 

1153 

nsa200R 

CTGCTCGCCGCCXJTCGAASNNCAACTGGAACCAGGGGTG 
fSEOIDNO:5151 

F154 

nsa201R 

CTTCTGCTCGCCGCCC1CSNNGATCAACTGGAACCAGGG 
fSEOIDNO:516) 

E155 

osa356R 

GGTCTTCTGCTCGCCGCCSNNGAAGATCAACTGGAACCA 
fSEOIDNO:517> 

G156 

nsa357R 

AGTGGTCTTCTGCTCGCCSNNCTCGAAGATCAACTGGAA 
fSEOIDNO:518* 

G157 

nsa358R 

CTCAGTGGTCTTCTGCTCSNNGCCCTCGAAGATCAACTG 
fSEOIDNO:519> 

El 58 

osa359R 

GAGCTCAGTGGTCTTCTGSNNGCCGCCCTCGAAGATCAA 
fSEO!DNO:520> 

0159 

nsa360R 

GGCGAGCTCAGTGGTCTTSNNCTCGCCGCCCTCGAAGAT 
fSEOIDNO:52n 

K160 

nsa361R 

GCGGGCGAGCTCAGTGGTSNNCTGCTCGCCGCCCTCGAA 
rSEOBDNO:522^ 

T161 

asa362R 

CACGCGGGCGAGCTCAGTSNNCTTCTGCTCGCCGCCCTC 
fSEOEDNO:523'> 

T162 

nsa363R 

GTACACGCGGGCGAGCTCSNNGGTCTTCTGCTCGCCGCC 
fSEOIDNO:524^ 

E163 

nsa364R 

GCTGTACACGCGGGCGAGSNNAGTGGTCITCTGCTCGCC 
fSEO 10^:525-) 

LI 64 

osa365R 

CGCGCTGTACACGCGGGCSNNCTCAG'rGGTCTTCTGCTC 
fSEOIDNO:526'> 

A165 

nsa366R 

GAGCGCGCTGTACACGCGSNNGAGCTCAGTGGTCTTCTG 
fSEOIDNO:527) 

R166 

nsa367R 

CGCGAGCGCGCTGTACACSNNGGCGAGCTCAGTGGTCTT 
fSEOIDNO:528) 

V167 

nsa368R 

CGACGCGAGCGCGCTGTASNNGCGGGCGAGCTCAGTGGT 
fSEOIDNO:529) 

Y168 

nsa369R 

GAACGACGCGAGCGCGCTSNNCACGCGGGCGAGCTCAGT 
rSEOIDNO:530> 
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SI 69 

nsa370R 

CATGAACGACGCGAGCGCSNNGTACACGCGGGCGAGCTC 
fSEOIDNO:53n 

A170 

nsa371R 

CTTCATGAACGACGCGAGSNNGCTGTACACGCGGGCGAG 
fSEOIDNO:532^ 

LI 71 

nsa372R 

CACCTTCATGAACGACGCSNNCGCGCTGTACACGCGGGC 
fSEOIDNO:533> 

A172 

nsa373R 

CGGCACCTTCATGAACGASNNGAGCGCGCTGTACACGCG 
fSEOIDNO:534) 

S173 

nsa374R 

GAACGGCACCTTCATGAASNNCGCGAGCGCGCTGTACAC 
fSEOIDNO:535) 

F174 

nsa375R 

GAAGAACGGCACCTTCATSNNCGACGCGAGCGCGCTGTA 
fSEOIDNO:53« 

Ml 75 

nsa376R 

GTCGAAGAACGGCACCTTSNNGAACGACGCGAGCGCGCT 
fSEOIDNO:537) 

K176 

Qsa377R 

CGCGTCGAAGAACGGCACSNNCATGAACGACGCGAGCGC 
fSEOIDNO:538) 

V177 

nsa378R 

ACCCGCGTCGAAGAACGGSNNCTTCATGAACGACGCGAG 
fSEOK)NO:539> 

PI 78 

nsa379R 

CGAACCCGCGTCGAAGAASNNCACCTTCATGAACGACGC 
fSEOIDNO:54(» 

F179 

nsa380R 

CACCGAACCCGCGTCGAASNNCGGCACCTTCATGAACXJA 
fSEOIDNO:54n 

F180 

nsa381R 

GATCACCGAACCCGCGTCSNNGAACGGCACCTTCATGAA 
fSEOIDNO:542) 

D181 

nsa382R 

GCTGATCACCGAACCCGCSNNGAAGAACGGCACCTTCAT 
fSEOIDNO:543) 

A182 

nsa383R 

GGTGCTGATCACCGAACCSNNGTCGAAGAACGGCACCTT 
fSEOIDNO:544) 

G183 

nsa384R 

GTCGGTGCTGATCACCGASNNCGCGTCGAAGAACGGCAC 
fSEOIDNO:545) 

S184 

nsa385R 

GCCGTCGGTGCTGATCACSNNACCCGCGTCGAAGAACGG 
fSEOIDNO:54<fl 

VI 85 

nsa386R 

GACGCCGTCGGTGCTGATSNNCGAACCCGCGTCGAAGAA 
fSEOIDNO:547> 

[186 

nsa387R 

GTCGACGCCGTCGGTGCTSNNCACCGAACCCGCGTCGAA 
fSEOrDNO:548) 

SI 87 

nsa388R 

rCCGTCGACGCCGTCGGTSNNGATCACCGAACCXXjCGTC 
fSEOIDNO:549* 

T188 

nsa389R 

gattccgtcgacgccgtcsnngctgatcaccgaaccx:gc 

fSEOIDNOiSSO 
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D189 

nsa390R 

GTGGATTCCGTCGACGCCSNNGGTGCTGATCACCGAACC 
fSEOroNO:55n 

G190 

nsa391R 

GAAGTGGATTCCGTCGACSNNGTCGGTGCTGATCACCGA 
fSEOIDNO:552> 

V191 

nsa392R 

GGTGAAGTGGATTCCGTCSNNGCCGTCGGTGCTGATCAC 
fSEOIDNO:553^ 

D192 

nsa393R 

CTCGGTGAAGTGGATTCCSNNGACGCCGTCGGTGCTGAT 
fSEOIDNO:554> 

G193 

nsa394R 

GGCCTCGGTGAAGTGGATSNNGTCGACGCCGTCGGTGCT 
fSEOIDNO:555> 

1194 

nsal81R 

GTTGGCCTCGGTGAAGTGSNNTCCGTCGACGCCGTCGGT 
fSEOIDNO:556> 

H195 

asa396R 

ATTGTTGGCCTCGGTGAASNNGATTCCGTCGACGCCGTC 
fSEOIDNO:557> 

F196 

nsal82R 

GCGATTGTTGGCCTCGGTSNNGTGGATTCCGTCGACGCC 
fSEOIDNO:558> 

ri97 

asa398R 

ATCGCGATTGTTGGCCTCSNNGAAGTGGATTCCGTCGAC 
fSEOIDNO:559> 

El 98 

nsa399R 

GAGATCGCGATTGTTGGCSNNGGTGAAGTGGATTCCGTC 
fSEOIDNO:560* 

A199 

nsa400R 

CCCGAGATCGCGATTGTTSNNCTCGGTGAAGTGGATTCC 
fSEOIDNO:56n 

N200 

nsa401R 

CACCCCGAGATCGCGATTSNNGGCCTCGGTGAAGTGGAT 
fSEOIDNO:562> 

N201 

nsa402R 

GGCCACCCCGAGATCGCGSNNGTTGGCCTCGGTGAAGTG 
rSEOIDNO:563^ 

R202 

osa403R 

GAGGGCCACCCCGAGATCSNNATTGTTGGCCTCGGTGAA 
fSEOIDNO:564> 

D203 

nsa404R 

CGCGAGGGCCACCCCGAGSNNGCGATTGTTGGCCTCGGT 
fSEOIDNO:565^ 

L204 

nsa405R 

1TCCGCGAGGGCCACCCCSNNATCGCGATTGTTGGCCTC 
fSEOIDNO:566) 

G205 

Qsa406R 

CTGTTCCGCGAGGGCCACSNNGAGATCGCGATTGTTGGC 
fSEOIDNO:567> 

V206 

nsa407R 

CACCTGTTCCGCGAGGGCSNNCCCGAGATCGCGATTGTT 
fSEOIDNO:568^ 

A207 

nsa408R 

CTGCACCTGTTCCGCGAGSNNCACCCCGAGATCGCGATT 
fSEOIDNO:569) 

L208 

nsa409R 

GCTCTGCACCTGTTCCGCSNNGGCCACCCCGAGATCGCG 
fSEOIDNO:57(» 
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A209 

nsa410R 

CAGGC1CTGCACCTGTTCSNNGAGGGCCACCCCGAGATC 
fSEOIDNO:57n 

E210 

nsa411R 

cagcaggctctgcacctgsnncgcgagggcx:acx:ccgag 

fSEOIDNO:572> 

0211 

nsa412R 

TTACAGCAGGCTCTGCA(^NNTTCCGCGAGGGCCACCCC 
fSEOIDNO:573^ 

V212 

nsa413R 

CTTTTACAGCAGGCTCTGSNNCTGTTCCGCGAGGGCCAC 
fSEOIDNO:574> 

0213 

nsa414R 

GCCCTITTACAGCAGGCIWICACCTGT1XXGCGAGGGC 
fSEOIDNO:57S1 

S214 

nsa415R 

TTCGCCCnTTACAGCAGSNNCTGCACCTGTTCDCGCGAG 
fSEOIDNO:576> 

L215 

nsa416R 

GAA'ITCGCCtJITTTACAGSNNGCTCTGCACCTGTTCCGC 
fSEOIDNO:577> 

L216 

nsa417R 

GCAGAATTCGCCCITITASNNCAGGCTCTGCACCTGTTC 
fSEOIDNO:578^ 


QC Method to Create Site-Saturation Libraries 

The QC reaction consisted of 40.25 \sL of sterile distilled H2O, 5 jiL of PfuTurbo 
5 1 Ox buffer from the kit, 1 \sL dNTPs from the kit, 1 .25 pL of forward primer (1 OOng/pL), 
125 pL reverse primer (lOOng/jiL), 0.25 \xL of pMSAT-Ncol miniprep DNA as template 
(~50ng), and 1 nL of PfuTurbo from the kit, for a total of 50 \iL. The cycling conditions 
were 95*C for Imin, once, followed by 19-20 cycles of 95*C for 30 to 45 sec, 55°C for 
Imin, and 68°C for 5 to 8 min. To analyze the reaction, 5^L of the reaction was run on a 

1 0 0.8% E-gel (Invitrogen) upon completion. Next, Dpnl digestion was carried out twice 

sequentially, with 1 \iL and 0.5 \iL of enzyme at 37°C for 2 to 8 hours. A negative control 
was carried out under similar conditions, but without any primers. Then, 1 \xL of the 
Z)pwl-digested reaction product was transformed into 50 yL of one-shot TOP 10 
electrocompetent cells (Invitrogen) using a BioRad electroporator. Then, 300 \iL of SOC 

1 5 provided with the TOPI 0 cells (Invitrogen) were added to the electroporated cells and 
incubated with shaking for 1 hour before plating on LA plates containing lOppm 
kanamycin. The plates were incubated at 37°C overnight. After this incubation, 96 
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colonies from each of the libraries (i.e., each site) were inoculated in 200nL of LB 
containing 10-50ppm of kanamycin in 96-well microtiter plates. The plates were frozen 
at -80*C after addition of glycerol to 20% final concentration, and they were used for 
high throughput sequencing at Genaissance with the M13F and M13R primers. 

5 

QCMS Method to Create Site-Saturation Libraries 

The QCMS reaction consisted of 1925 nL of sterile distilled H20, 2.5 jiL of lOx 
buffer from the kit, 1 \iL dNTPs from the kit, 1 jiL of 5* phosphorylated forward primer 
(100ng/nL), 025 jiL of pMSAT-Ncol miniprep DNA as template (~50ng), and IfiL of the 

10 enzyme blend from the kit for a total of 25 jiL. The cycling conditions were 95X for 
lmin once, followed by 30 cycles of 95°C for lmin, 55*C for lmin, and 68°C for 8 min. 
To analyze the reaction product, 5pL of the reaction were run on a 0.8% E-gel 
(Invitrogen) upon completion. Next, Dpnl digestion was carried out twice sequentially, 
with 0.5 yL of enzyme at 37*C for 2 to 8 hours. The controls, transformation, and 

15 sequencing was performed as for the QC method described above. 

Details of Screening Plate Preparation 

Using a sterilized stamping tool with 96 pins, the frozen clones from each 
sequenced library plate were stamped on to a large LA plate containing lOppm 

20 kanamycin. The plate was then incubated overnight at 37*C. Individual mutant clones 
each representing each one of the 19 substitutions (or as many that were obtained) were 
inoculated into a Costar 96-well plate containing 195jiL of LB made with 2 fold greater 
yeast extract and 1 Oppm kanamycin. Each mutant clone for a given site was inoculated 
in quadruplicate. The plate was grown at 37°C and 225 rpm shaking for 18 hrs in a 

25 humidified chamber. In a separate 96-well plate, 26*iL of BugBuster (Novagen) with 

DNase were added to each well. Next, 125jxL of the library clone cultures were added to 
the BugBuster-containing plate in corresponding wells and the plate was frozen at -80X. 
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The plate was thawed, frozen and thawed again before use of the lysates in the peracid 
formation and peracid hydrolysis assays described herein. 

Combinatorial Libraries and Mutants 
5 From the screening of the single site-saturation libraries, the important sites and 

substitutions were identified and combined in different combinatorial libraries. For 
example, libraries described in Table 8-3 were created using (he following sites and 
substitutions: 

10 L12C, Q, G 

T25S, G, P 

L53H, Q, G, S 

S54V,L,A,P,T,R 

A55G,T 
15 R67T,Q,N,G,E,L,F 

K97R 

V125S,G, R,A,P 

F154Y 

F196G 
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TABLE 8-3. Libraries 


Library 

Description 

Parent 

Method 



Template 


NSAA1 

L12GS54(NNS) 

L12G 

QC 

NSAA2 

S54V L12(NNS) 

S54V 

QC 

NSAA3 

L12(NNS) S54(NNS) 

WT 

QCMS 

NSAB1 

S54VT25(NNS) 

S54V 

QC 

NSAB2 

S54VR67(NNS) 

S54V 

QC 

NSAB3 

S54VV125(NNS) 

S54V 

QC 

NSAB4 

L12I S54VT25(NNS) 

L12IS54V 

QC 

NSAB5 

L12I S54VR67(NNS) 

L12IS54V 

QC 

NSAB6 

L12I S54V V125(NNS) 

L12IS54V 

QC 

NSAC1 

S54(NNS)R67(NNS) 

WT 

QCMS 


V125(NNS) 



NSAC2 

43 primer library, 10 sites 

S54V 

QCMS 


(lOOng total primers) 



NSAC3 

same as nsaC2 but 300ng 

S54V 

QCMS 


total primers 



NSAC4 

32 primer library, 8 sites 

S54V 

QCMS 


(lOOng total primers) 



NSAC5 

same as nsaC4 but 300ng 

S54V 

QCMS 


total primers 



NSAC6 

8 primers, 7 substitutions, 

S54V 

QCMS 


5 sites (lOOng total 




primers) 



NSAC7 

same as nsaC6 but 300ng 

S54V 

QCMS 


total primers 




*NNS indicates site-saturation library 

**A11 parent templates were derived from the pMSAT-Ncol plasmid and 
contained mutations at the indicated codons with in the M. smegmatis 
5 perhydrolase gene 

The QC or QCMS methods were used to create the combinations. The QC 
reaction was carried out as described above, with the exception being the template 
plasmid, which consisted of 0.25nL of miniprep DNA of the L12G mutant, S54V mutant, 
10 or the L12I S54V double mutant plasmid derived from pMSAT-NcoL Tbe QCMS 
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reaction was also carried out as described above, with the exception of template and 
primers. In this case, 0.25jiL of the pMSAT-Ncol template were used for NSAC1 and 
NSAA3 or S54V template for NSAC2-C7 libraries. The NSAA3 and the NSAC1 
libraries were made using 100 ng of each of the primers shown in the Table 8-4. The 
5 NSAC2, NSAC4, and NSAC6 libraries were made with a total of lOOng of all primers 
(all primers being equimolar), and NSAC3, NSAC5, NSAC7 libraries were made with a 
total of 300ng of all primers (all primers being approximately equimolar) 


Table 8-4. Libraries 

Libraries 

Printer 

Name 

Primer Sequence 

NSAC1 

S54NNS-FP 

ptpatceaeeapceactcnDspoRcpcaccaccaacatc ^SEOIDNO:579^ 

NSAC1 

R67NNS-FP 

acgaccccacr-f^tr^fmn<5ctcaacggcpcpa£ECtac f SEO ID Nt):580) 


V125NNS-FP 

ctcaccaececgeecgecnnspgcaccacetaccceeca fSEO ID NO:581) 

NSAC2-C5 

L12C 

ctpt^tttceeteattccTGCacct^ceectgeetcccc f SEO ID NO:5821_ 

NSAC2-C7 

L120 

^tptgtttcgeteattccCAGaccteffeecteeetcccc (SEO IDNO:583V 

NSAC2-C5 

L12I 

ctgtgtttce^teattccATCacctpeegctefiBtcccc fSEO ID NO:584} 

NSAC2-C3 

L12M 

ctptgtttceetBattccATGacctgcepctccBtcccc rSEO ID NO:585) 

NSAC2-C3 

L12T 

ctetetttcfigteattccACGacctpcgectpeBtcccc f SEO ID NO:586) 

NSAC2-C5 

T25S 

gtceaaeacffeeffcacccAGCcaficeettcpccccceac (SEO ID NO:587> 

NSAC2-C5 

T25G 

gtcgaaeacepgpcacccGGCpaeceettceccccccac fiSEO ID NO:588^ 

NSAC2-C3 

T25P 

etccaaeaceeeecacccCCGcacceettceccccccac (SEO ID NO:589Y 

NSAC2-C7 

L53H 

paeeteatcgaeeaEeeaCACaecccececaccaccaac ( SEO ID NO:590) 

NSAC2-C3 

L530 

gaeeteatceaeeaceeaCAGaccecececaccaccaac f SEO ID NO:59tt 

NSAC2-C3 

L53G 

gaeeteatceaccaffCBaGGCagcpcecgcaccaccaac (SEO ID NO:592) 

NSAC2-C3 

L53S 

gagetcatcgaggagggaAGCaccgcgcgcaccaccaac CSEO ID NO:593) 

NSAC2-C7 

L53HS54V 

gagetgatceaggageeaCACGTGgcgcgcaccaccaac (SEO ID NO:594) 

NSAC2-C3 

L530S54V 

gapfiteatceaggagggaCAGGTGgcecgcaccaccaac (SEO ID NO:595} 

NSAC2-C3 

L53GS54V 

gaBBtfiatcsaBBaBBsaGGCGTGgcBCpcaccaccaac (SEO ID NO:596) 

NSAC2-C3 

L53SS54V 

paggtBatcsapfiaBEEaAGCGTGBCBCBcaccaccaac (SEO ID NO:5971 

NSAC2-C7 

S54V 

BtfiatcBaaeaefiBactEGTGBCfiCficaccaccaacatc fSEO ID NO:598^ 

NSAC2-C5 

S54L 

BtEatcBaEBaBBBactBCTGscBCBcaccaccaacatc fSEO ID NO:599) 

NSAC2-C5 

A55G 

atcsafisafiBBactsaBcGGCcBcaccaccaacatcgac ( SEO ID NO:600> 
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Usac2-C5 

A55T 

atceaeeacceactpagcACGcecaccaccaacatceac ( SEO ID NO.601 ) 

NSAC2-C5 

A55GS54V 

atceaceaceeactpGTGGGCcecaccaccaacatceac fSEO ID NO:6021 

NSAC2-C5 

A55TS54V 

atCBaeeaeepflctpGTGACGcecaccaccaacatceac fSEO ID NO:6031 

NSAC2-C5 

R67T 

^aceaccccaccpatccpACGctcaaceecgceaectac ( SEO ID NO:604)_ 

NSAC2-C5 

R670 

gaceaccccacc^atcceCAGctcaaccecccpapctac (SEO ID NO:6051_ 

NSAC2-C7 

R67N 

eaceaccccaccpatccffAACctcaaceccecpagctac ( SEO ID NO:6061_ 

NSAC2-C5 

K97R 

ctpggcaccaacgacaccCGCcrcctacttcceccpcacc ( SEO ID NO:607) — 

NSAC2-C5 

V125S 

ctcaccagcfic^ppcpEcAGCgccaccacptacccccca fSEO ID NO;6081_ 

NSAC2-C7 

V125G 

ctcaccaccecpffpccecGGCeecaccacetacccgcca f SEO ID NO:6091_ 

NSAC2-C5 

V125R 

ctcaccaececpppceffcCGCggcaccacetacccggca (SEO ID NO:6101_ 

NSAC2-C5 

V125A 

ctcaccaecccp^cffecGCGgpcaccacetacccecca ( SEO ID NO:$ll) 

NSAC2-C5 

V125P 

ctcaccaececpeeccecCCGffccaccacBtacccBBca ( SEO IDNO:612) 

NSAC2-C3 

F154Y 

ccctgfittccagttpatcTACgapggcggcgagcapaag (SEO ID NO:613) 

NSAC2-C3 

F196G 

gpcgtcgacggaatccacGGCacceaegccaacaatcffC (SEOIDN0.6141_ 

NSAC2-C7 

R67G-re 

gacpaccccaccpatcceGGCctcaacggcgceaectac (SEQ ID_NO:$)5) , 

NSAC2-CS 

R67E-re 

gac^ccccaccpatccgGAGctcaacgecgcpapctac fSEOIDNO:61Q__ 

NSAC2-C5 

R67F-TC 

^cgaccccaccgatcceTTCctcaacggcgcgagctac (SEQ ID NQ:6|71 — 

NSAC2-C5 

R67L-re 

paceaccccacceatcceCTGctcaacggcgcgagctac ( SEO ID NO:618) — 

NSAC2-C5 

S54P 

gtgatcgaggapppactgCCGgcpcpcaccaccaacatc fSEO ID NO:61 9>_. 

NSAC2-C5 

S54R 

gtgatcgaggagggacteCGCgcgcgcaccaccaacatc f SEO ID NO:620) 

NSAC2-C5 

S54G 

gtgatcgaggagggactgGGCpcgcpcaccaccaacatc fSEO ID NO:621) — 

NSAC2-C5 

S54T 

gtgatcgaggapggacteACGgcgcgcaccaccaacatc (SEO ID NO:622) 

NSAC2-C7 

S54I 

gtgatceaggapggacteATCgcgcgcaccaccaacatc (SEO ID NO:6231 

NSAC2-C5 

S54K 

gtgatcgaggagggactcAAGpcgcgcaccaccaacatc (SEO ID NO:624) 


Screening of Combinatorial Libraries and Mutants 

For each of the NSAB1-B6 libraries, a 96-well plate full of clones was first 

5 sequenced. Once the sequencing results were analyzed, the mutants obtained for each 
library were inoculated in quadruplicate, similar to the site-saturation libraries described 
above. For the NSAC1-C7 libraries, 96 colonies per/plaie/library were initially 
inoculated, and each plate was screened without sequencing. Upon screening, some 
libraries looked better than others. Several plates for each of the NSAC 1 , C2, C4, C6 

10 libraries were screened. The "winners" from these single isolate screening plates were 
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then streaked out for singles or directly screened in quadruplicate just like the site- 
saturation libraries (Le. y as described above). Only the '"winners" identified were 
sequenced 

EXAMPLE 9 

5 Improved Properties of Multiply Mutated Perhydrolase Variants 

In this Example, experiments conducted to assess the properties of multiply- 
mutated perhydrolase variants are described. In these experiments, combinatorial mutants 
obtained from combinatorial libraries were tested in their performance in perhydrolysis, 
peracid hydrolysis and perhydrolysis to hydrolysis ratio. These parameters were 

1 0 measured in the HPLC or ABTS assays described in Example 2, above. Combinatorial 
variants tested were: 


L12IS54V, 

L12M S54T, 
15 L12TS54V, 

L12QT25S S54V, 

L53HS54V, 

S54PV125R, 

S54VV125G, 
20 S54VF196G, 

S54VK97RV125G,and 

A55G R67T K97R V125G, 


As is indicated in Table 9-1 below, all of these variants were better than wild type 
25 enzyme in at least one of the properties of interest. 

Table 9-1 Results for Multiple Variants 


Multiple Variant 1 Fold-Improvement in Property 
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Pcrhvdrolysis 

Peracid Hydrolysis 

R*tio 

L12IS54V 

2 

2.5 


L12MS54T 

1.6 

3 


L12TS54V 

1.5 

25 


LI20T25S S54V 


4to5 


L53H S54V 

2 


4to5 

S54PV125R 



4 

S54VV125G 

2 


4 

S54VF196G 



2 

S54VK97RV125G 

2 



A55G R67T K97R 
V125G 

1.6 


4to5 


EXAMPLE 10 

5 PAF and PAD Assays of Perhydrolase Variants 

In this Example, assay results for PAF and PAD testing of perhydrolase variants 
are provided. The tests were conducted as described in Example 1, above. In addition, 
Tables are provided in which the protein expression of the variant was greater than -wild- 
type under the same culture conditions (described herein). These results arc indicated as 

10 the "protein performance index." Thus, a number greater than "1" in the protein 

performance index indicates that more protein was made for the particular variant than 
the wild-type. In the following Tables, "WT" indicates the wild-type amino acid residue; 
"Pos" indicates the position in the amino acid sequence; <c Mut." and "Var" indicate the 
amino acid residue substituted at that particular position; "prot." indicates "protein; and 

1 5 "Perf. Ind" indicates the performance index. 
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Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 

lna. 

3 

K003Y 

Y 

1 .058244 

3 

K003I 

I 

1 .053242 

3 

K003L 

L 

1.038686 

3 

K003T 

T 

1.009071 

3 

K003H 

H 

1.00528 

4 

R004O 

0 

1.025332 

5 

I005T 

T 

1.12089 

5 

I005S 

S 

1.023576 

6 

L006V 

V 

1.072388 

6 

L006I 

I 

1.066182 

6 

L006T 

T 

1.062078 

7 

C007K 

K 

2.687956 

7 

C007Y 

Y 

2.08507 

7 

C007I 

I 

1 .758096 

7 

C007H 

H 

1.731475 

7 

C007A 

A 

1 .423943 

/ 


fi 

VJ 


7 

C007M 

M 

1.126028 

10 

D010L 

L 

3.97014 

10 

D010W 

W 

3.179778 

10 

D010K 

K 

2.133852 

10 

D010Y 

Y 

1.508981 

10 

D010T 

T 

1.473387 

10 

D010I 

I 

1.281927 

12 

L012O 

0 

2.651732 

12 

L012C 

C 

2.289224 

12 

L012A 

A 

1.100171 

15 

G015A 

A 

1.543799 

15 

G015S 

S 

1.05273 

17 

V017G 

G 

1.173641 


Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 

Ind. 

17 

V017R 

R 

1.09735 

17 

V017A 

A 

1.012116 

18 

P018Y 

Y 

1.332844 

18 

P018N 

N 

1.331062 

18 

P018C 

C 

1.261104 

18 

P018E 

E 

1.217708 

18 

P018V 

V 

1.185736 

18 

P018R 

R 

1.16328 

18 

P018O 

0 

1.124133 

18 

P018H 

H 

1.120443 

18 

P018G 

G 

1.068272 

19 

V019G 

G 

1.317001 

19 

V019S 

S 

1.235759 

19 

V019R 

R 

1.025471 

19 

V019L 

L 

1.002833 

21 

D021K 

K 

1.062138 

21 

U021 W 

w 

1.040173 

22 

G022A 

A 

1.554264 

22 

G022T 

T 

1.032118 

22 

G022S 

S 

1.022133 

25 

T025G 

G 

1.857878 

25 

T025S 

S 

1.59954 

25 

T025A 

A 

1.327579 

25 

T025I 

I 

1.019417 

26 

E026M 

M 

2.002044 

26 

E026A 

A 

1.927099 

26 

E026R 

R 

1.484814 

26 

E026K 

K 

1.464368 

26 

E026T 

T 

1.441939 

26 

E026C 

C 

1.403045 
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Table 10-1. PAF Assay Results 


Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 
Ind* 

26 

E026V 

V 

1.392881 

26 

E026N 

N 

1.366419 

26 

E026H 

H 

1.329562 

26 

E026L 

L 

1.295378 

26 

E026G 

G 

1.283477 

26 

E026S 

S 

1.271403 

26 

E026W 

w 

1.251752 

27 

R027K 

K 

1.215697 

28 

F028M 

M 

1.331874 

28 

F028A 

A 

1.269493 

28 

F028W 

W 

1.156698 

28 

F028L 

L 

1.08849 

28 

F028S 

S 

1.046063 

29 

A029W 

w 

1.912244 

29 

A029V 

V 

1 .799733 

29 

A029R 

R 

1 .757225 

29 

A029Y 

Y 

i .oy / j 34 

29 

A029G 

G 

1.595061 

29 

A029S 

S 

1.486877 

29 

A029T 

T 

1.424584 

29 

A029E 

E 

1.115768 

29 

A029C 

C 

1.07522 

30 

P030K 

K 

1.207673 

30 

P030R 

R 

1.164892 

30 

P030V 

V 

1.063047 

30 

P030T 

T 

1.05383 

30 

P030A 

A 

1.045476 

30 

P030S 

S 

1.031747 

30 

P030O 

0 

1.013468 

30 

P030H 

H 

1.012332 


Table 10-1. PAF Assay Results 


Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Pert. 

luu» 

30 

rU3UH 

JD 

l.UUO/OI 

31 

T\A^ 1 TIT" 
D031 W 

W 

1 &1A(\AA 

31 

D031L 

r 
L 

l.olODM 

31 

D031T 

T 

1 >ICACC£ 

1 .450d5o 

31 

D031G 

G 

1.441703 

31 

D031F 

F 

1.438268 

31 

D031N 

N 

1.339422 

31 

D031V 

V 

1 .280091 

31 

D031A 

A 

1 .240923 

31 

D031R 

R 

1.222101 

31 

D031S 

S 

1.152/io 

31 

D031E 



31 

D031O 

O 

l.Ooy /y/ 

32 

V032K. 

K 

1 .UoOUO 

32 

V032K 

T> 

1 CiAKA'X* 

33 

R033S 

o 
d 

i.ouwyi 



T 

i 

1 320156 

36 

G036K 

K 

1.265563 

36 

G036L 

L 

1.237473 

38 

L038L 

L 

6.528092 

38 

L038V 

V 

5.735873 

38 

L038C 

c 

4.182031 

38 

L038K 

K 

4.135067 

38 

L038A 

A 

3.844719 

38 

L038S 

S 

2.467764 

40 

O040K 

K 

2.613726 

40 

O040I 

I 

2.576806 

40 

O040W 

W 

2.394926 

40 

O040L 

L 

2.144687 

40 

O040T 

T 

2.006487 
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Table 10-1. PAF Assay Results 


Table 10-1. PAF Assay Results 

Jr osiuon 

WT/Pos/ 
Mutation 

V alidlll 

PAF 
jren. 
IiwL 

.U1U+ 


Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Pert. 

jmcu 

40 

O040P 

t> 

JV 



A1 

rifiAm 

\JU**3lv 

K 

I.zl3ozy 

40 

O040V 

V 
I 



A1 

vjU430 

o 
o 

1.1 /olU3 

40 

noAon 

ri 

VJ 

l./oj /Of 


A1 

fZfXAITl 

VJU43rl 

TT 

1.169457 

40 

no40Q 

\J\JH\iiy 

c 

o 



A*\ 
4J 

UU43r 

n 

r 

t AOA1 HC 

40 

OrtArtM 

IN 

1 .3ZOO/ 1 


A A 

44 

AU44Jr 

F 

2.84399 

Art 

- KJVHxjU 

T\ 

~D 

1. 10131 


44 

AU44V 

V 

2.133682 


OfY4fYR 

r? 

l.U/3Z3y 


A A 

44 

A044C 

c 

1.796096 

At 


JV 

1 "iCI^ft^ 
I .3ol3o3 


44 

A f\AAT 

A044L 

Lr 

1.607918 

41 

rwidip 
wutiiv 

o 

Jx 

1 1 Qf\1 1 *7 


44 

AU44W 

W 

1.395243 

Hi 

VJIH-1 VY 

W 

l.i41lrH 


A A 

44 

A044M 

M 

1.199028 

41 

\J\JH lix 

rr 
rl 

1 . 1 Z3 / 1 y 



JL/U43K 

K 

1.342858 

41 


c 

1 1 (Y76.AA 


43 

JJU431 

1 

1.268367 

41 

nodi v 

V 
I 



43 

IJU43K 

T> 

K 

1.158768 

41 

O041 V 

V 

1 rt*7rtO/J^ 
1 .U /UZ03 


43 

DU43W 

W 

1.145157 

41 

O04 1 A 

A 

1 0^904^* 


AC 


o 

1 111AOQ 
1.13JUVO 

41 
*ti 

O041T 

T 

1 00041 £ 
1 -UUtr+IO 


A* 
*r3 

UU*f3kJ 

KJ 

l.lz/ol 

42 

L042K 

K 

2.463086 


45 

D045H 

H 

1.127539 

42 

L042W 

W 

2.056507 


45 

D045F 

F 

1.11152 

42 

L042H 

H 

1.917245 


45 

D045L 

L 

1.054441 

42 

L042R 

R 

1.378137 


45 

D045V 

V 

1.050576 

42 

L042G 

G 

1.172748 


45 

D045O 

0 

1.04498 

42 

L042T 

T 

1.079826 


45 

D045A 

A 

1.037993 

42 

L042F 

F 

1.072948 


46 

F046E 

E 

1.247552 

43 

G043A 

A 

1.49082 


46 

F046D 

D 

1.174794 

43 

G043C 

C 

1.47701 


46 

F046G 

G 

1.016913 

43 

G043K 

K 

1.424919 


46 

F046K 

K 

1.003326 

43 

G043M 

M 

1.371202 


47 

E047R 

R 

2.448525 

43 

G043Y 

Y 

1.262703 


47 

E047T 

T 

1.960505 

43 

G043E 

E 

1.250311 


47 

E047P 

P 

1.361173 

43 

G043L 

L 

1.216516 


47 

E047S 

S 

1.278809 
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Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 
Ind. 

47 

E047H 

H 

1.266229 

47 

E047G 

G 

1.197541 

47 

E047K 

K 

1.19183 

47 

E047F 

F 

1.092281 

47 

E047I 

I 

1.030029 

49 

J049G 

G 

1.342918 

49 

I049H 

H 

1.265204 

49 

I049S 

S 

1.238211 

49 

I049K 

K 

1.230871 

49 

I049V 

V 

1.203314 

49 

I049L 

L 

1.136805 

49 

I049Y 

Y 

1.068104 

49 

I049R 

R 

1.052285 

49 

I049E 

E 

1.015762 

49 

I049M 

M 

1.00526 

50 

E050L 

L 

1.191901 

50 

E050M 

M 

1.178039 

50 

E050A 

A 

1.124087 

51 

E051V 

V 

1.471315 

51 

E051A 

A 

1.279983 

51 

E051G 

G 

1.217963 

51 

E051T 

T 

1.182792 

51 

E051L 

L 

1.112889 

51 

E051I 

I 

1.072835 

53 

L053H 

H 

5.05321 

53 

L053O 

o 

1.480206 

53 

L053G 

G 

1.317357 

53 

L053S 

S 

1.161011 

53 

L053T 

T 

1.019146 

54 

S054P 

P 

5.198689 


Table 10-1. PAF Assay Results 


Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Jrert. 

Tnri 
JJIQ> 

34 


T 
I 

*r. / /3V30 

34 

2>lo4V 

V 

*K /ZZUJ3 

CA 

54 

CACjI a 

bl)54A 

A 

A 

3.433yiJZ 

CA 

54 

S054K 

T> 

K 

j .3 /3 /yj 

C A 

54 

S054L 

T 

L, 

[Z.U135ZO 

54 

S054T 

-T 

1.455/5/71 

C A 

54 

OACylV 

S054K 

v 
K 

1.43©/ 13 

54 

S054G 

G 

1 .429503 

AT A 

54 

S054C 

C 

l.Z3y/73 

54 

S054O 

9 

i .U3303 

55 

A055G 


1.05/48 1 4 

55 

A AffT 

A0551 

1 

1 iCOOQGC 

i .oyz<so3 

57 

1057o 

c 

1.0330I3 

57 

1U57K 

K 

1 .OU3U / Z 

3/ 

1 U3 / V 

V 

1 -Zol /oo 

3/ 

1 U3 /l 

1 

1 . 1 o^UOZ 



W 

1 035044 

59 

N059R 

R 

1.002315 

60 

I060H 

H 

1.02415 

60 

I060R 

R 

1.003947 

61 

D061H 

H 

1.439407 

61 

D061S 

S 

1.259714 

61 

D061R 

R 

1.105425 

61 

D061I 

I 

1.076937 

61 

D061F 

F 

1.00566 

62 

D062E 

E 

1.019293 

63 

P063G 

G 

1.709657 

63 

P063T 

T 

1.499483 

63 

P063M 

M 

1.460336 

63 

P063S 

S 

1.416192 
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Table 10-1. PAF Assay Results 


Position 

WT/Fos/ 
Yiuianon 

Variant 

PAF 
Perf. 
Ind. 

63 

P063K 

K 

1.404615 

63 

P063A 

A 

1.347541 

63 

P063Y 

Y 

1.346046 

63 

P063W 

W 

1.34587 

63 

P063V 

V 

1.313631 

63 

P063R 

R 

1.310696 

63 

P063F 

F 

1.246299 

63 

P063L 

L 

1.146416 

63 

P063O 

0 

1.093179 

64 

T064G 

G 

1.234467 

64 

T064S 

S 

1.114348 

65 

D065A 

A 

1.312312 

65 

D065S 

S 

1.166849 

65 

D065H 

H 

1.096335 

66 

P066R 

R 

1.846257 

66 

P066V 

V 

1.828926 

66 

P066H 

H 

1.589631 

66 

P066I 

I 

1.588219 

66 

P066G 

G 

1.499901 

66 

P066O 

Q 

1.463705 

66 

P066T 

T 

1.410091 

66 

P066S 

S 

1.390845 

66 

P066Y 

Y 

1.330685 

66 

P066L 

L 

1.137635 

66 

P066N 

N 

1.122261 

67 

R067N 

N 

1.580401 

67 

R067G 

G 

1.390129 

67 

R067T 

T 

1.284643 

67 

R067F 

F 

1.25763 

67 

R067L 

L 

1.203316 


Table 10-1. PAF Assay Results 


Position 

Mutation 

Variant 

PAF 
Perf. 
Ind. 

67 

R067O 

0 

1.164899 

67 

R067W 

W 

.066028 

67 

R067E 

E 

1.044676 

67 

R067P 

P 

1.012761 

68 

L068E 

E 

.435218 

68 

L068W 

W 

.209193 

68 

L068I 

I 

1.125898 

68 

L068G 

G 

1.092454 

68 

L068V 

V 

1.088042 

68 

L068H 

H 

1.051612 

68 

L068T 

T 

1.032331 

69 

N069V 

V 

1.989028 

69 

N069K 

K 

1.71908 

69 

N069R 

R 

1.493163 

69 

N069I 

I 

1.469946 

69 

N069H 

H 

1.357968 

69 

N069T 

T 

1.351305 

69 

N069L 

L 

1.299547 

69 

N069S 

S 

1.205171 

69 

N069G 

G 

1.19653 

69 

N069O 

o 

1.074622 

69 

N069W 

w 

1.049602 

69 

N069C 

c 

1.048373 

71 

A071S 

s 

1.751794 

71 

A071T 

T 

1.700442 

71 

A071H 

H 

1.697558 

71 

A071G 

G 

1.58881 

71 

A071I 

I 

1.507841 

71 

A071E 

E 

1.445699 

71 

A071K 

K 

1.441146 
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Table 10-1. PAF Assay Results 


Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 
Ind. 

71 

A071R 

R 

1.401499 

71 

A071N 

N 

.232241 

71 

A071L 

L 

1.231991 

71 

A071F 

F 

1.127538 

71 

A071C 

C 

1.00977 

72 

S072L 

L 

1.257945 

72 

S072H 

H 

1.208899 

72 

S072G 

G 

1.198197 

72 

S072T 

T 

1.10065 

72 

S072V 

V 

1.080089 

72 

S072Y 

Y 

1.066178 

73 

Y073R 

R 

1.2555 

73 

Y073O 

o 

1.23429 

73 

Y073S 

S 

1.165683 

73 

Y073K 

K 

1.070678 

76 

S076P 

P 

1.229172 

77 

C077T 

T 

1.120603 

77 

C077V 

V 

1.052586 

77 

C077G 

G 

1.013806 

78 

L078G 

G 

4.975852 

78 

L078H 

H 

4.824004 

78 

L078E 

E 

3.007159 

78 

L078N 

N 

2.683604 

78 

L078T 

T 

1.867711 

78 

L078O 

O 

1.726942 

78 

L078V 

V 

1.534239 

78 

L078I 

I 

1.434206 

78 

L078Y 

Y 

1.387889 

79 

A079H 

H 

1.927914 

79 

A079L 

L 

1.796126 


Table 10-1. PAF Assay Results 


Position 

Wl/ros/ 
Yxuiauon 

Variant 

PAF 
Perf. 
Ind. 

79 

A079I 

I 

1.592463 

79 

A079M 

M 

1.499635 

79 

A079N 

N 

1.475806 

79 

A079O 

0 

1.472484 

79 

A079R 

R 

1.465943 

.79 

A079W 

W 

1.270538 

79 

A079T 

T 

1.169146 

79 

A079E 

E 

1.123457 

80 

T080C 

C 

1.310752 

80 

T080V 

V 

1.230659 

80 

T080G 

G 

1.160318 

80 

T080A 

A 

1.000722 

82 

L082P 

P 

1.456374 

82 

L082G 

G 

1.379439 

82 

L082R 

R 

1.339485 

82 

L082H 

H 

1.332844 

82 

L082K 

K 

1.1909 

82 

L082T 

T 

1.17992 

82 

L082I 

I 

1.171013 

82 

L082S 

S 

1.153417 

82 

L082V 

V 

1.019854 

83 

P083K 

K 

1.369406 

83 

P083G 

G 

1.313431 

83 

P083H 

H 

1.265876 

83 

P083R 

R 

1.194464 

83 

P083S 

S 

1.171208 

84 

L084K 

K 

1.099089 

84 

L084H 

H 

1.008187 

85 

D085O 

O 

3.093245 

85 

D085R 

R 

2.379647 
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Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

'XT • A. 

Variant 

PAF 
Perf. 
ind. 

Of 

85 

D085S 

S 

i oo /f aaa 
2.284009 


D085H 

H 

1.548556 

oc 

85 

D085N 

XT 

N 

1.539497 

85 

D085G 

G 

1.413812 

85 

D085T 

T 

1.329395 

85 

D085E 

E 

1.117228 

85 

D085F 

F 

l .008028 

86 

L086A 

A 

l .376284 

86 

L086C 

C 

1. 1 56625 

86 

L086G 

G 

1. 1 45834 

95 

D095E 

E 

2.044825 

96 

T096S 

S 

1.044425 

97 

K097R 

R 

2.798748 

A*T 

97 

K097O 

0 

1.136975 

f An 

T^t A ATT 7 

F100W 

w 

1 .082799 

1 AA 

100 

F100E 

E 

1 A1 1 iT 

1.0116 


JK.1U1 JV 



103 

T103W 

w 

1.261503 

103 

T103Y 

Y 

1.193299 

103 

T103G 

G 

1.113343 

103 

T103K 

K 

1.093573 

103 

T103I 

I 

1.076338 

103 

T103L 

L 

1.050734 

104 

P104H 

H 

2.837034 

104 

P104T 

T 

2.696977 

104 

P104G 

G 

2.672719 

104 

P104V 

V 

2.585315 

104 

P104S 

S 

2.481687 

104 

P104I 

I 

2.431309 

104 

P104W 

w 

2.051785 


Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Pert 
ina. 

1 /\ A 

104 

P104C 

c 

1.951282 

1 f\A 

104 

P104E 

E 

l. 837373 

1 f\ A 

104 

P104F 

F 

1.785718 

104 

T» 1 /\ i\T 

P104N 

N 

1 .624722 

104 

P104R 

R 

1.618032 

104 

P104O 

Q 

1.343174 

104 

P104M 

M 

1.093185 

105 

L105P 

P 

1.713219 

105 

L105C 

C 

1.557999 

105 

L105F 

F 

1.295759 

105 

L105W 

W 

1.283998 

105 

L105G 

G 

1 .078743 

106 

D106K 

K 

1 .278457 

106 

D106L 

L 

1 1 AO 1 AO 

1.198148 

1 A^ 

106 

D106G 

G 

1.178297 

106 

D106H 

XT 

H 

t AAA1 *^ /I 

1.090134 


JL/lUOJCr 

p 

Cm 

i 

1 .Vo^ry j 1 

106 

D106T 

T 

1.061622 

106 

D106I 

I 

1.036191 

106 

D106F 

F 

1.021513 

106 

D106C 

C 

1.005553 

107 

I107E 

E 

2.551108 

107 

I107S 

S 

2.044692 

107 

I107N 

N 

1.810584 

107 

I107G 

G 

1.764761 

107 

11 07V 

V 

1.001703 

108 

A108L 

L 

1.407382 

108 

A108T 

T 

1.050964 

109 

L109N 

N 

1.523277 

109 

L109W 

W 

1.296964 
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Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 
Ind. 

109 

L109O 

0 

1.182653 

109 

L109Y 

Y 

1.155328 

109 

L109I 

I 

1.053129 

109 

L109D 

D 

1.003394 

111 

Mil IK 

K 

1.977248 

111 

MU1I 

.1 - 

L949343 

111 

M111L 

L 

1.546317 

111 

Mil IT 

T 

1.489808 

111 

M111F 

F 

1.467344 

111 

Mil IV 

V 

1.466478 

111 

M111Y 

Y 

1.42589 

111 

M111S 

S 

1.031939 

112 

S112L 

L 

1.027928 

112 

S112H 

H 

1.001485 

113 

V113L 

L 

1.503622 

113 

V113H 

H 

1.339003 

113 

V113K 

K 

1.192607 

113 

V113R 

R 

1.133751 

113 

V113Y 

Y 

1.113256 

113 

V113F 

F 

1.045057 

113 

V1130 

0 

1.032496 

115 

V115W 

w 

1.234 

115 

V115T 

T 

1.145757 

115 

V115L 

L 

1.117398 

115 

V115G 

G 

1.089596 

115 

VI 151 

I 

1.050387 

115 

V115Y 

Y 

1.032052 

116 

T116G 

G 

1.095496 

116 

T116A 

A 

1.006702 

117 

0117H 

H 

2.327857 


Table 10-1. PAF Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAF 
Perf. 
Ind. 

117 

OH7T 

T 

2.233854 

117 

OH7Y 

Y 

2.227983 

117 

OH7W 

W 

2.155359 

117 

OH7V 

V 

2.154646 

117 

OH7G 

G 

2.080223 

117 

QH7A 

A 

2.048752 

117 

OH7S 

S 

1.949232 

117 

0117F 

F 

1.573776 

117 

OH7R 

R 

1.564466 

117 

OH7M 

M 

1.541944 

117 

OH7E 

E 

1.145341 

118 

V118Y 

Y 

1.25067 

118 

V118K 

K 

1.125917 

118 

V118G 

G 

1.083422 

120 

T120S 

S 

1.089798 

121 

S121L 

L 

1.348931 

121 

S121W 

W 

1333741 

121 

S121R 

R 

1.25879 

121 

S121K 

K 

1.241105 

121 

S121G 

G 

1.204547 

121 

S121C 

C 

1.177769 

121 

S121N 

N 

1.143954 

121 

S121T 

T 

1.132507 

121 

S121A 

A 

1.120633 

121 

S121V 

V 

1.120454 

122 

A122H 

H 

1.137861 

122 

A122I 

I 

1.133601 

122 

A122T 

T 

1.083131 

122 

A122K 

K 

1.082552 

122 

A122V 

V 

1.041449 
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Table 10-1. PAF Assay Results 

Position 

W 1/Jros/ 

iVl.ll LSI UVU 

Variant 

PAF 
Perf. 
Ind. 

122 

A122S 

S 

1.031411 

124 

G124L 

L 

1.91642 

124 

G124I 

I 

1.853337 

124 

G124T 

T 

1.63716 

124 

G124H 

H 

1.588068 

124 

G124V 

V 

1.441979 

124 

G124F 

F 

1.320782 

124 

G124S 

S 

1.269245 

124 

G124Y 

y 

1.234423 

124 

G124R 

R 

1.144212 

124 

G1240 

0 

1.123498 

125 

V125G 

G 

2.948291 

125 

V125S 

S 

1.942881 

125 

V125A 

A 

1.689696 

125 

V125P 

P 

1.50166 

125 

V125R 

R 

1.301534 

125 

V125D 

D 

1.238852 

125 

V125Y 

Y 

1.080394 

125 

VI 251 

I 

1.010779 

126 

G126T 

T 

1.577938 

126 

G126P 

P 

1.171092 

126 

G126L 

L 

1.169527 

127 

T127H 

H 

1.57251 

127 

T127V 

V 

1.073821 

127 

T127I 

I 

1.063668 

127 

T127S 

S 

1.046984 

128 

T128L 

L 

1.064623 

128 

T128K 

K 

1.062947 

148 

P148V 

V 

2.426937 

148 

P148K 

K 

1.786508 


Table 10-1. PAF Assay Results 

Position 

Mutation 

Variant 

PAF 
Perf. 
Ind. 

148 

P148L 

L 

1.638438 

148 

P148A 

A 

1.637334 

148 

P148R 

R 

1.509086 

148 

P148T 

T 

1.501359 

148 

P148Y 

Y 

1.459512 

148 

P148S 

S 

1.45564 

148 

P148E 

E 

1.417449 

148 

P148F 

F 

1.367568 

148 

P1480 

0 

1.334517 

148 

P148D 

D 

1.030185 

150 

F150L 

L 

1.290835 

150 

F150E 

E 

1.228159 

153 

I153K 

K 

1.618543 

153 

I153H 

H 

1.464262 

153 

I153T 

T 

1.271928 

153 

I153L 

L 

1.270149 

153 

I153F 

F 

1.227821 

153 

11 53 A 

A 

1.194659 

154 

F154Y 

Y 

1.323693 

196 

F196H 

H 

1.774774 

196 

F196L 

L 

1.768072 

196 

F196C 

C 

1.738263 

196 

F196M 

M 

1.647608 

196 

F196G 

G 

1.590716 

196 

F196S 

S 

1.577837 

196 

F196Y 

Y 

1.414589 

196 

F196V 

V 

1.395387 

196 

F196I 

I 

1.320955 

196 

F196W 

W 

1.014435 
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The following Table provides variants with PAF results that were better than 
those observed for wild-type M. smegmatis perhydrolase. In this Table, the middle 
column indicates the amino acid residue in the wild-type perhydrolase (WT), followed by 
the position number and (he variant amino acid in that position (V ar). 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosV 

relative to 

Var 

WT 

2A002W 

1.75 

2A002D 

1.30 

2A002F 

1.24 

2A002I 

1.18 

2A002G 

1.15 

2A002S 

1.01 

3K003Y 

1.06 

3K003I 

1.05 

3K003L 

1.04 

3K003T 

1.01 

3K003H 

1.01 

4R004Q 

1.03 

5I005T 

1.12 

5I005S 

1.02 

6L006V 

1.07 

6L006I 

1.07 

6L006T 

1.06 

7C007K 

2.69 

7C007Y 

2.09 

7C007I 

1.76 

7C007H 

1.73 

7C007A 

1.42 

7C007G 

1.39 

7C007M 

1.13 

8F008R 

1.43 

8F008V 

1.18 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 


Pos 



Peracid 


formation 

WT/Posy 

relative to 

Var 

WT - 

8F008G 

1.09 

8F008H 

1.02 

10D010L 

3.97 

10D010W 

3.18 

10D010K 

2.13 

10D010Y 

1.51 

10D010T 

1.47 

10 DO 101 

1.28 

12L012Q 

2.65 

12L012C 

2.29 

12L012A 

1.10 

15G015A 

1.54 

15G015S 

1.05 

17V017G 

1.17 

17V017R 

1.10 

17V017A 

1.01 

18P018Y 

1.33 

18P018N 

1.33 

18P018C 

1.26 

18P018E 

1.22 

18P018V 

1.19 

18P018R 

1.16 

18P018Q 

1.12 

18P018H 

1.12 

18P018G 

1.07 

19V019G 

1.32 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



fntnmstion 

1VI lllfll Inrr* 


relative to 

>s Var 

WT 

19V019S 

L24 

19V019R 

1.03 

19V019L 

1.00 

20E020W 

2.94 

20E020G 

2.36 

20E020T 

2.22 


2.20 

20E020H 

2.17 

20E020V 

2.11 

20E020S 

2.01 

20E020C 

1.57 

20E020N 

1.40 

20E020A 

. 1.29 

20E020O 

1.27 

21D021K 

1.58 

21D021W 

1.55 

21D021L 

1.46 

2 1 no? 1 A 

1 46 

21D021G 

137 

21D021Y 

1.30 

21D021F 

1.30 

21D021S 

124 

22G022A 

1.55 

22G022T 

1.03 

22G022S 

1.02 

25T025G 

1.86 

25T025S 

1.60 

25T025A 

1.33 

25T025I 

1.02 

26E026M 

2.00 

26E026A 

1.93 

26E026R 

1.48 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 



Peracid 


formation 

WT/Posy 

relative to 

Var 

WT 

26E026K 

1.46 

26E026T 

1.44 

26E026C 

1.40 

26E026V 

1.39 

26E026N 

1.37 

26E026H 

1.33 

26E026L 

1.30 

26E026G 

.1.28 

26E026S 

1.27 

26E026W 

1.25 

27R027K 

1.22 

28F028M 

133 

28F028A 

127 

28F028W 

1.16 

28F028L 

1.09 

28F028S 

1.05 

29A029W 

1.91 

29A029V 

1.80 

29A029R 

1.76 

29A029Y 

1.70 

29A029G 

1.60 

29A029S 

1.49 

29A029T 

1.42 

29A029E 

1.12 

29A029C 

1.08 

30P030K 

1.21 

30P030R 

1.16 

30P030V 

1.06 

30P030T 

1.05 

30P030A 

1.05 

30P030S 

1.03 

30P030Q 

1.01 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/Pos7 

relative to 

Var 

WT 

30P030H 

1.01 

30PO30E 

1.01 

31D031W 

1.83 

31D031L 

1.81 

31 D031T 

1.45 

31D031G 

1.44 

31 D031F 

1.44 

31D031N 

134 

31D031V 

128 

31 D031A 

1.24 

31D031R 

122 

31D031S 

1.15 

31D031E 

1.13 

31D031Q 

1.07 

32V032K 

1.09 

32V032R 

1.05 

33R033S 

1.00 

36G036I 

1.32 

36G036K 

1.27 

36G036L 

124 

37V037S 

1.40 

37V037I 

1.26 

37V037A 

1.25 

37V037H 

1.21 

37V037L 

1.16 

37V037C 

1.09 

37V037T 

1.05 

39A039L 

1.43 

39A039K 

1.36 

39A039Y 

1.36 

39A039I 

1.26 

39A039T 

1.26 



PCT/US2004/040438 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 
formation 


WTfPosJ relative to 


Pos Var WT 

39A039W 

1.23 

39A039V 

1.21 

39A039G 

1.17 

^0 AO^QR 

J 7 JWJJ Z7 XV 

1.17 


1.09 


2.61 

*tv V^V*rvX 

2.58 

40O040W 

2.39 

40O040T 

9 *tv v/v^T\/l-/ 

2.14 




1 89 

4nnfnoY 



1 79 


1 57 


1 

40Q040D 

1.16 

40Q040E 

1.08 

41Q041K 

1.38 

41Q041R 

1.19 

41 Q041W 

1.14 

41 Q041H 

1.12 

41 Q041S 

1.11 

41 Q041Y 

1.09 

41Q041V 

1.07 

41Q041A 

1.03 

41Q041L 

1.00 

42L042K 

2.46 

42L042W 

2.06 

42L042H 

1.92 

42L042R 

1.38 

42L042G 

1.17 

42L042T 

1.08 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

1111 llJOUUll 

WT/PosV 

TV 111 Vm 

relative to 

Var 

WT 

42L042F 

1.07 

43G043A 

1.49 

43 G043C 

1.48 

43 G043K 

1.42 

43G043M 

137 

43 G043 Y 

1.26 

43 G043F 

1.25 

43 G043T 

1.22 

43 G043R 

*t J VJVt J XV 

1 22 

43 G043S 

1 18 

x • x u 

43 G043H 

1 17 

X • X # 

43 GG43P 

1.08 

44A044F 

2.84 

44 A 044V 

2.13 

44A044C 

1.80 

44A044L 

1.61 

44A044W 

1.40 

44 A044M 

1.20 

45D045K 

1.34 

45D045T 

1.27 

45D045R 

1.16 

45D045W 

1.15 

45D045S 

1.13 

45D045G 

1.13 

45D045H 

1.13 

45D045F 

1.11 

45D045L 

1.05 

45D045V 

1.05 

45D045Q 

1.04 

45D045A 

1.04 

46F046E 

1.25 

46F046D 

1.17 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/Pos-/ 

relative to 

Var 

WT 

46F046G 

1.02 

46F046K 

1.00 

47E047R 

2.45 

47E047T 

1.96 

47E047P 

1.36 

47E047S 

1.28 

47E047H 

1.27 

47E047G 

1.20 

47E047K 

1.19 

47E047F 

1.09 

47E047I 

1.03 

49I049G 

1.34 

49I049H 

1.27 

49I049S 

1.24 

49I049K 

1.23 

49 1049 V 

1.20 

49I049L 

1.14 

49I049Y 

1.07 

49I049R 

1.05 

49I049E 

1.02 

49I049M 

1.01 

50E050L 

1.19 

50E050M 

1.18 

50E050A 

1.12 

51E051V 

1.47 

51E051A 

1.28 

51E051G 

1.22 

51E051T 

1.18 

51E051L 

1.11 

51E051I 

1.07 

53L053H 

5.05 

53L053Q 

1.48 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 


Pos 



formation 

WT/PosJ 

relative to 

Var 

WT 

53L053G 

1.32 

53L053S 

1.16 

53L053T 

1.02 

54S054P 

5.20 

54S054I 

4.78 

54S054V 

4.72 

54S054A 

3.46 

54S054R 

3.38 

54S054L 

2.02 

54S054T 

1.46 

54S054K 

1.44 

54S054G 

1.43 

54S054C 

1.26 

54S054Q 

1.03 

55A055G 

1.69 

55A055T 

1.69 

57T057S 

1.63 

57T057R 

1.61 

57T057V 

1.28 

57T057I 

1.19 

59N059W 

1.13 

59N059R 

1.09 

59N059T 

1.07 

59N059S 

1.06 

59N059Q 

1.02 

60I060H 

1.02 

60I060R 

1.00 

61D061H 

1.44 

61D061S 

1.26 

61D061R 

1.11 

61D061I 

1.08 

61D061F 

1.01 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

Var 

WT 

62D062E 

1.02 

63P063G 

1.71 

63P063T 

1.50 

63P063M 

1.46 

63P063S 

1.42 

63P063K 

1.40 

63P063A 

1.35 

63P063Y 

1.35 

63P063W 

1.35 

63P063V 

1.31 

63P063R 

1J1 

63P063F 

1.25 

63P063L 

1.15 

63P063Q 

1.09 

64T064G 

1.23 

64T064S 

1.11 

65D065A 

1.31 

65D065S 

1.17 

65D065H 

1.10 

66 P066R 

1.85 

66P066V 

1.83 

66P066H 

1.59 

66 P066I 

1.59 

66P066G 

1.50 

66P066Q 

1.46 

66 P066T 

1.41 

66P066S 

1.39 

66P066Y 

1.33 

66P066L 

1.14 

66 P066N 

1.12 

67R067N 

1.58 

67R067G 

1.39 
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Table 10-2. Variants with PAF 
Values Better than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

Var 

WT 

67R067T 

1.28 

67R067F 

1.26 

67R067L 

120 

67R067Q 

1.16 

67R067W 

1.07 

67R067E 

1.04 

67R067P 

1.01 

68L068E 

1.44 

68L068W 

1.21 

68L068I 

1.13 

68L068G 

1.09 

68L068V 

1.09 

68L068H 

1.05 

68L068T 

1.03 

69N069V 

1.99 

69N069K 

1.72 

69N069R 

1.49 

69N069I 

1.47 

69N069H 

1.36 

69N069T 

1.35 

69N069L 

1.30 

69N069S 

1.21 

69N069G 

1.20 

69N069Q 

1.07 

69N069W 

1.05 

69N069C 

1.05 

71 A071S 

1.75 

71A071T 

1.70 

71 A071H 

1.70 

71 A071G 

1.59 

71 A071I 

1.51 

71 A071E 

1.45 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

var 

W 1 

71 A071K 

1.44 

71 A071R 

1.40 

71 A071N 

1.23 

71 A071L 

1. 23 

71 A071F 

1.13 

71 A071C 

1.01 

72S072L 

1.26 

72S072H 

1.21 

72S072G 

1 OA 

1.20 

72S072T 

1.10 

72 S072V 

1 AO 

1.08 

72S072Y 

1.07 

73Y073R 

1.26 

73Y073Q 

1.23 

73Y073S 

1.17 

73 Y073K 

1.07 

74L074S 

2.7z 

74L074G 

t Af 
1.95 

74L074W 

1.38 

75P075R 

1.60 

75P075S 

1.39 

75P075T 

1.28 

75P075Q 

1.21 

75P075G 

1.16 

75P075H 

1.05 

75P075W 

1.04 

76S076P 

1.23 

77C077T 

1.12 

77C077V 

1.05 

77C077G 

1.01 

78L078G 

4.98 

78L078H 

4.82 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WFfPosJ 

relative to 

Var 

WT 

78L078E 

3.01 

78L078N 

2.68 

78L078T 

1.87 

78L078Q 

1.73 

78L078V 

1.53 

78L078I 

1.43 

78L078Y 

1.39 

79A079H 

1.93 

79A079L 

1.80 

79A079I 

1.59 

79A079M 

1.50 

79A079N 

1.48 

79A079Q 

1.47 

79A079R 

1.47 

79A079W 

1.27 

79A079T 

1.17 

79A079E 

1.12 

80T080C 

1.31 

80T080V 

123 

80T080G 

1.16 

80T080A 

1.00 

81 H081K 

1.52 

81H081L 

123 

81H081N 

1.17 

81H081G 

1.17 

81H081A 

1.15 

81H081C 

1.13 

81H081W 

1.13 

81H081V 

1.10 

81H081F 

1.10 

81H081S 

1.04 

82L082P 

1.46 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 



Peracid 


formation 

Wl/FOSJ 

relative to 

var 

W 1 

oot noon 

I.JO 

82 LU82K 


oz JLUoZrl 


82L082K 

1 io 

82L082T 

1 1 Q 

l.lo 

82L082I 

1.1 / 

82L082S 

1 K 

1.10 

82L082V 

1.U2 

83P083K 

1.3 / 

83P083G 

1.31 

83 P083H 

1.Z/ 

83P083R 

1 1 O 

i.iy 

83 P083S 

l.l / 

84LU84K. 

i in 

1.1U 

OA T AO>IU 

54LU54H 

i ni 

1 All 

O C T\AQ C/"\ 

85D0o5C^ 

i no 

or Tv\OfD 

5D LH/oDK 




of r\AOcii 

1 « 

85D085N . 

1.54 

85D085G 

1.41 

85D085T 

1.33 

85D085E 

1.12 

85D085F 

1.01 

86L086A 

1.38 

86L086C 

1.16 

86L086G 

1.15 

88I088H 

1.20 

88I088T 

1.03 

88I088G 

1.01 

90M090T 

1.27 

90M090I 

1.13 
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Table 10-2. Variants with PAF Table 10-2. Variants with PAF 


Values Better Than Wild-Type 

Values Better Than Wild-Type 


Peracid 


Peracid 


formation 


formation 

WT/Pos7 

relative to 

WTfPosJ 

relative to 

Pos Var 

WT 

Pos Var 

WT 

90M090V 

1.08 

103T103K 

1.09 

90M090S 

1.06 

103 Tl 031 

1.08 

90M090L 

1.02 

103T103L 

1.05 

91L091G 

1.21 

104P104H 

2.84 

91L091T 

1.06 

104P104T 

2.70 

92G092V 

1.49 

104P104G 

2.67 

92G092S 

1.26 

104P104V 

2.59 

93T093Y 

5.26 

104P104S 

2.48 

93T093F 

3.52 

104P104I 

2.43 

93T093A 

1.38 

104P104W 

2.05 

93T093C 

1.08 

104P104C 

1.95 

95D095E 

2.04 

104P104E 

1.84 

96T096S 

1.04 

104P104F 

1.79 

97K097R 

2.80 

104P104N 

1.62 

97K097Q 

1.14 

104P104R 

1.62 

98A098L 

2.22 

104P104Q 

1.34 

98A098H 

2.09 

104P104M 

1.09 

98A098I 

2.05 

105L105P 

1.71 

98A098Y 

2.02 

105L105C 

1.56 

98A098S 

1.73 

105L105F 

1.30 

98A098T 

1.72 

1 05 LI 05 W 

1.28 

98A098G 

1.57 

105L105G 

1.08 

98A098C 

1.30 

106D106K 

1.28 

98A098N 

1.24 

106D106L 

1.20 

98A098D 

1.11 

106D106G 

1.18 

98A098P 

1.10 

106D106H 

1.09 

100F100W 

1.08 

106D106E 

1.08 

100F100E 

1.01 

106D106T 

1.06 

101R101K 

1.24 

106D106I 

1.04 

103T103W 

1.26 

106D106F 

1.02 

103T103Y 

1.19 

106D106C 

1.01 

103T103G 

1.11 

107I107E 

2.55 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 


Pos 



formation 

WT/PosJ 

relative to 

Var 

WT 

107I107S 

2.04 

107I107N 

1.81 

107I107G 

1.76 

107I107V 

1.00 

108A108L 

1.41 

108A108T 

1.05 

109L109N 

1.52 

109L109W 

130 

109X109Q 

1.18 

109L109Y 

1.16 

109L109I 

1.05 

109L109D 

1.00 

111M111K 

1.98 

111M111I 

1.95 

1UM111L 

1.55 

111M111T 

1.49 

111M111F 

1.47 

111M111V 

1.47 

111M111Y 

1.43 

111 Ml US 

1.03 

112S112L 

1.03 

112S112H 

1.00 

113V113L 

1.50 

113V113H 

1.34 

113V113K 

1.19 

113V113R 

1.13 

113V113Y 

1.11 

113V113F 

1.05 

113V113Q 

1.03 

115V115W 

1.23 

115V115T 

1.15 

115V115L 

1.12 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

Var 

WT 

115V115G 

1.09 

115 VI 151 

1.05 

115V115Y 

1.03 

116T116G 

1.10 

116T116A 

1.01 

117Q117H 

2.33 

117Q117T 

2.23 

117Q117Y 

2.23 

117Q117W 

2.16 

117Q117V 

2.15 

117Q117G 

2.08 

U7Q117A 

2.05 

117Q117S 

1.95 

117Q117F 

1.57 

117Q117R 

1.56 

117Q117M 

1.54 

117Q117E 

1.15 

118V118Y 

1.25 

118V118K 

1.13 

118V118G 

1.08 

120T120S 

1.09 

121S121L 

1.35 

121 S121W 

1.33 

121S121R 

1.26 

121S121K 

1.24 

121S121G 

1.20 

121S121C 

1.18 

121S121N 

1.14 

121S121T 

1.13 

121S121A 

1.12 

121S121V 

1.12 

122A122H 

1.14 
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Table 10-2. Variants with PAF 


Values Better Than Wild-Type 



Peracid 


formation 

wr/PosJ 

relative to 

s Var 

WT 

122A122I 

1.13 

122A122T 

1.08 

122A122K 

1.08 

122A122V 

1.04 

122A122S 

1.03 

123G123D 

1.73 

123G123V 

1.40 

123G123P 

1.32 

123G123E 

1.13 

123G123T 

1.06 

123G123H 

1.00 

124G124L 

1.92 

124G124I 

1.85 

124G124T 

1.64 

124G124H 

1.59 

124G124V 

1.44 

124G124F 

1.32 

124G124S 

1.27 

124G124Y 

1.23 

124G124R 

1.14 

124G124Q 

1.12 

125V125G 

2.95 

125V125S 

1.94 

125V125A 

1.69 

125V125P 

1.50 

125V125R 

130 

125V125D 

1.24 

125V125Y 

1.08 

125V125I 

1.01 

126G126T 

.1.58 

126G126P 

1.17 

126G126L 

1.17 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 



Peracid 


formation 

WTfPosJ 

relative to 

s Var 

WT 

127T127H 

1.57 

127T127V 

1.07 

127T127I 

1.06 

127T127S 

1.05 

128T128L 

1.06 

128T128K 

1.06 

130P130T 

1.19 

130P130H 

1.17 

130P130K 

1.16 

130P130G 

1.16 

130P130S 

1.16 

130P130V 

1.15 

130P130W 

1.15 

130P130I 

1.12 

130P130L 

1.12 

130P130R 

1.11 

130P130F 

1.08 

130P130E 

1.00 

131A131L 

1.83 

131A131R 

1.76 

131A131H 

1.72 

131A131G 

1.66 

131A131W 

1.61 

131A131V 

1.59 

131A131P 

1.52 

131A131Y 

1.50 

131A131S 

1.48 

131A131E 

1.36 

131A131D 

1.31 

131A131Q 

1.29 

132P132Y 

1.57 

132P132S 

1.13 


241 


p cT WOJ^V056782 llf ^3 g 


PCT/US20JM/040438 


GC821-2 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/Po&J 

relative to 

Var 

WT 

133K133Y 

1.12 

133K133L 

1.05 

133K133H 

1.02 

134V134G 

1.71 

134V134T 

1.25 

134V134N 

1.18 

134V134S 

1.16 

134V134L 

1.13 

134V134I 

1.12 

136V136T 

1.13 

137V137M 

1.22 

137V137L 

1.09 

137V137T 

1.08 

137V137A 

1.07 

137V137G 

1.02 

138S138I 

1.15 

138S138G 

1.05 

140P140A 

1190 

140P140T 

1.74 

140P140S 

1.31 

141P141L 

2.32 

141P141I 

2.29 

141P141H 

2.07 

141P141V 

1.96 

141P141T 

1.84 

141 P141S 

1.70 

141P141R 

1.65 

141P141G 

1.64 

141P141Q 

1.39 

141P141N 

1.32 

141P141A 

1.10 

142L142W 

2.41 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/Pos7 

1_A* » A.^ 

relative to 

Var 

W 1 

142L142K 

1.60 

142L142F 

1.05 

< A*S A 1 V 

143A143K 

3.16 

-« AS* A * i^TT 

143A143H 

2.90 

143A143L 

2.51 

■A a A * A*%^W 

143AI43V 

r\ A C 

2.45 

143A143W 

2.27 

143A143T 

2.18 

143A143R 

2.15 

143A143S 

1.77 

143A143Q 

t TA 

1.74 

143A143F 

1.56 

143A143P 

1 CI 

1.53 

143A143G 

1 AO 

1.48 

« a** a t i^in 

143A143D 

1 AC 

1.45 

1 A1 A 1 A 1X2 

143 A143J2 


143 A143C 

1.3V 

143A143N 

1.30 

144P144Y 

2.34 

144P144K 

2.09 

144P144H 

1.94 

144P144F 

1.82 

144P144R 

1.76 

144P144S 

1.69 

144P144T 

1.46 

144P144G 

1.45 

144P144D 

1.45 

144P144N 

1.44 

144P144L 

1.43 

144P144Q 

1.37 

144P144M 

1J24 

144P144A 

1.09 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

W 1 frOSJ 

relative to 

var 

W 1 

1 AS X>f1 A^T 
14 O 1V114>U 

1 79 

14JlVll43r 

1 AO 

i.4y 

1 AC \A\A^T> 
145M14!)K 

1 K 
1.1 J 

145M145W 

1 If 

1.1D 

1 AC "KMt A CO 

145M145U 

i no 
l.UZ 

145 M145 1 

1.U1 

147H147A 

l.Zo 

14/X114/0 

I.ZO 

147H14T1 

l.ZU 

147H147r 

1 10 

1.1Z 

14711147b 

111 
1.1 1 

lAttPI ARV 

9 A^ 

1 Aft PI AftV 

l4o JrlHolv 

1 70 

1. /y 

IAS PI AST 

1 6A 

1 Aft P1 4ft A 

1 KA 

1 Aft P1 ARP 
lHox l*folv 

1 SI 

1 Aft PI ART 
I Ho Jr 1HO I 

1 SO 

1 .Jv 

14RP14RY 

1 *tO X 1 TO X 

1 46 

148P148S 

1.46 

148P148E 

1.42 

148P148F 

1.37 

148P148Q 

1.33 

148P148D 

1.03 

150F150L 

1.29 

150F150E 

1.23 

151Q151D 

1.47 

151Q151R 

1.36 

151Q151P 

1.35 

151Q151A 

1.29 

151Q151T 

1.24 

151Q151M 

1.24 

151Q151E 

1.14 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



iorinauon 

tt 1 / Jr OS J 

rclaUVc io 

Var 

T «U 

WT 

TT A 

1S1 OlSIIC 

1 07 

151 0151H 

1 06 

ici 01S1<1 

1 OS 

i si oi sir* 

1 OS 

i si ru si v 

131 V£131 I 

1 01 

1 S9 T 1 S9 V 
1 JZlwrljZ V 

1 99 

1 »ZZ 

1 S9 T 1 S9 V 

1 91 

1 -Z 1 

icon sop 

1 9H 

1 SO T 1 SOW 
13Z.U13Z W 

1 1ft 

1SOT 1 <OT 
IDZlslDZl 

1 19 

1.1Z 

1 SOT 1 SOS! 
13Z L-IDZo 

1 19 

1.1Z 

1 SO T 1 SO V 

lOZ JL/JOZ X 

1 00 
x.uy 

1 SO T 1 SOW 

i3zivi.>zri 

1 00 

1 so t i son 

UZ JL13ZVJ 

1 OR 
1 .I/O 

1 SO T 1 S9T5 

1 .JZ JLrl JZ.Ct 

1 OR 

1 S9 T 1 S90 

1 07 

1 S9 T 1 S9F> 

1 07 

1 SO T 1 SOT 
1 JZ Lti ->Z1 

1 OA 

1 .V*T 

152L152C 

1.00 

153I153K 

1.62 

153I153H 

1.46 

153I153T 

1.27 

153I153L 

1.27 

153I153F 

1.23 

153I153A 

1.19 

154F154Y 

1.32 

155E155T 

1.49 

155E155R 

1.47 

155E155L 

1.31 

155E155Y 

1.27 

155E155K 

1.23 

155E155G 

1.17 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 



Peracid 


formation 

WT/PosJ 

relative to 

Var 

WT 

155E155S 

1.08 

155E155D 

1.08 

155E155F 

1.07 

156G156P 

1.44 

156G156T 

1.15 

156G156K 

1.10 

156G156M 

1.09 

156G156C 

1.07 

156G156N 

1.07 

156G156R 

1.05 

156G156H 

1.04 

156G156S 

1.02 

157G157T 

1.74 

157G157R 

1.51 

157G157S 

1.30 

157G157K 

1.28 

157G157F 

127 

157 Gl 57V 

1.23 

157G157H 

1.14 

157G157I 

1.11 

158E158H 

2.40 

158E158K 

2.08 

158E158F 

2.06 

158E158R 

1.99 

158E158Y 

1.77 

158E158W 

1.77 

158E158L 

1.59 

158E158S 

1.57 

158E158V 

1.52 

158E158Q 

1.49 

158E158C 

1.46 

158E158A 

1.45 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosV 

relative to 

Var 

WT 

158E158T 

1.45 

158E158P 

1.41 

158E158N 

1.41 

158E158M 

1.39 

158 El 581 

138 

158E158D 

135 

159Q159R 

1.15 

159Q159C 

1.13 

159Q159S 

1.10 

159Q159D 

1.09 

159Q159A 

1.08 

159Q159M 

1.07 

159Q159P 

1.06 

159Q159L 

1.02 

161 T161R 

3.61 

161T161Y 

2.40 

161T161H 

1.82 

161T161W 

1.41 

161T161I 

1.40 

161T161V 

1.27 

161T161L 

1.25 

161T161Q 

1.04 

162T162K 

1.22 

162T162R 

1.17 

162T162W 

1.15 

162T162Y 

1.03 

162T162H 

1.02 

163E163L 

1.50 

163E163Y 

1.41 

163E163H 

1.32 

163E163G 

1.25 

163E163W 

1.21 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 



Peracid 


formation 

WT/Posy 

relative to 

Var 

WT 

163E163V 

1.13 

163E163R 

1.12 

163E163S 

1.12 

163 El 63 A 

1.11 

163E163C 

1.11 

163E163F 

1.07 

165A165R 

1.70 

165A165K 

135 

165A165F 

1.23 

165A165Q 

1.21 

165A165V 

\2\ 

165A165Y 

1.20 

165A165T 

1.18 

165A165I 

1.17 

165A165P 

1.14 

165A165L 

1.08 

165A165G 

1.05 

165A165N 

1.01 

165A165S 

1.00 

166R166Y 

1.29 

166R166L 

1.27 

166R166I 

1.26 

166R166W 

1.25 

166R166H 

1.20 

166R166T 

1.19 

166R166V 

1.17 

166R166K 

1.17 

166R166S 

1.16 

166R166G 

1.15 

167V167T 

1.13 

I67V167I 

1.08 

167V167Y 

1.07 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosV 

relative to 

Var 

WT 

167V167H 

1.03 

168Y168G 

1.89 

168Y168T 

1.51 

168Y168V 

1.19 

169S169Y 

1.26 

169S169R 

1.24 

169S169K 

1.21 

169S169I 

1.16 

169S169T 

1.15 

169S169L 

1.08 

169S169C 

1.03 

169S169Q 

1.02 

170A170K 

1.71 

170A170G 

1.59 

170A170I 

1.59 

170A170S 

1.47 

170A170F 

1.44 

170A170T 

1.40 

170A170E 

1.28 

170A170D 

1.27 

170A170N 

1.21 

170A170V 

1.20 

170A170C 

1.15 

170A170Q 

1.15 

170A170L 

1.05 

170A170W 

1.04 

170A170M 

1.03 

171L171K 

2.05 

171L171H 

1.67 

171L171T 

1.54 

171L171I 

1.53 

171 L171S 

1.43 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peradd 



formation 

WT/Posi 

relative to 

t Var 

WT 

171L171F 

1.30 

171L171G 

126 

171L171Y 

1.20 

171L171V 

1.02 

172A172I 

1.70 

172A172S 

1.59 

172A172W 

1.43 

172A172G 

1.41 

172A172V 

1.40 

172A172T 

1.25 

172A172L 

120 

172A172C 

120 

173S173Y 

1.19 

173S173K 

1.17 

173S173W 

1.16 

173S173L 

1.15 

173S173R 

1.09 

173S173H 

1.07 

173S173T 

1.06 

174F174G 

1.60 

174F174P 

1.54 

174F174Q 

1.42 

174F174C 

1.32 

174F174S 

1.16 

174F174L 

1.05 

175M175T 

2.21 

175M175G 

2.04 

175M175V 

1.93 

175M175L 

1.61 

175M175Q 

1.56 

175M175R 

1.55 

175M175N 

1.39 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

Var 

WT 

175M175W 

1.25 

176K176W 

1.19 

176K176T 

1.04 

176K176Y 

1.04 

176K176V 

1.04 

176K176G 

1.01 

178P178L 

1.82 

178P178Y 

1.38 

178P178K 

134 

178P178W 

1.14 

178P178G 

1.09 

179F179L 

1.15 

179F179Y 

1.05 

180F180L 

1.30 

180F180I 

1.20 

180F180V 

1.14 

180F180Y 

1.12 

180F180W 

1.11 

180F180K 

1.08 

180F180T 

1.01 

181 D181A 

1.35 

181D181K 

1.33 

181D181Y 

1.29 

181D181W 

1.26 

181D181L 

1.25 

181D181R 

1.23 

181D181S 

1.21 

181D181Q 

1.14 

181D181E 

1.10 

181D181G 

1.09 

181D181C 

1.09 

181D181P 

1.03 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Pcracid 



formation 

W 1 /x OS-/ 

relative to 

var 


lol JLIlol 1 

1 AO 
l.UZ 

loZAIoZl 

11/1 
1.14 

lo4olo4Y 

1 A< 
l.UO 

lo4M84r 

1 AC 

1.05 

1 QA C 1 O/IT 

184S1841 

1 f\A 

1.04 

184S184H 

L02 

1 OC\71 OCV 

185 V185K 

1.37 

185V185Y 

137 

185 V185W 

136 

1 OC "Y/1 OCTl 

185 V185ri 

130 

t OC "\/1 OCT 

185 V185L 

1.23 

1 OC \T\ OCT) 

185 V185R 

1 1 c 

1.15 

1 OC \T1 OC/^ 

185 V1850 

1 10 
1.12 

1 OC \Tt OCT* 

185 V1851 

1 1 1 
1.11 

1 OC A/1 OCC 

185 V185o 

1 f\C\ 

l.oy 

1 OCA/1 OCT 

Io5 V loM 

1 AO 
1.0/ 

ioj V Io5r 

1 AO 

l.UZ 

loo 11 86(3 

l .86 

186I186T 

l.5l 

186I186A 

1.46 

186H86S 

1.39 

186 11 86V 

1.28 

186I186L 

1.17 

186I186F 

l.Ol 

187S187K 

1.45 

187S187Y 

1.43 

187S187I 

1.38 

187S187L 

1.37 

187S187W 

1.30 

187S187H 

1.29 

187S187V 

1.23 

187S187T 

1.12 
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Table 10-2, Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/FosJ 

relative to 

var 

VV1 

1 OOC1 OTD 

187M8/K 

1.04 

1 OO O 1 OTP 

187S187U 

1.03 

1 OO C 1 OOT? 

187M87r 

1.02 

188T188Y 

1.48 

1 OOT^I OOT7 

188T188V 

1.22 

188T188S 

1.16 

1 O O T»1 DOT 

188T188I 

1.13 

188T188H 

1.11 

188T188R 

1.01 

189D189L 

1.30 

189D189H 

1.25 

i oat\i onnr 

189D189W 

1.09 

190G190W 

1.88 

190G190K 

1.01 

ini \ ft fit "V 

191 V191Y 

132 

i fii \/i ni it 
lVl V191H 

130 

i ni x/i ni yit 
191 V191W 

1.20 

191 V191S 

1.20 

191V191K 

1.17 

191V19H 

1.14 

191V191F 

1.13 

191V191R 

1.05 

191V191L 

1.04 

196F196H 

1.77 

196F196L 

1.77 

196F196C 

1.74 

196F196M 

1.65 

196F196G 

1.59 

196F196S 

1.58 

196F196Y 

1.41 

196F196V 

1.40 

196F196I 

1.32 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/PosJ 

relative to 

Var 

WT 

196F196W 

1.01 

197T197L 

1.21 

198E198R 

1.82 

198E198I 

1.80 

198 El 98V 

1.60 

198E198W 

1.59 

198E198L 

1.57 

198E198P 

1.52 

198E198Y 

1.48 

198E198C 

1.38 

198E198F 

1.37 

198E198Q 

1.28 

198E198T 

1.25 

198E198N 

1.24 

198E198M 

1.18 

198E198S 

1.06 

199A199C 

1.77 

199A199K 

1.72 

199A199E 

1.56 

199A199L 

1.38 

199A199T 

1.33 

199A199R 

1.33 

1 99 Al 99V 

1.32 

199A199D 

1.31 

199A199H 

1.27 

199A199Y 

124 

199A199F 

1.23 

199A199S 

120 

199A199G 

1.14 

199A199M 

1.07 

201N201Y 

1.29 

201N201F 

1.16 


Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



formation 

WT/Posi 

relative to 

Var 

WT 

201N201G 

1.08 

202R202W 

1.97 

202R202F 

1.89 

202R202E 

1.69 

202R202H 

1.64 

202R202T 

1.55 

202R202S 

1.49 

202R202A 

1.48 

202R202C 

1.44 

202R202M 

1.43 

202R202L 

1.43 

202R202G 

1.39 

202R202I 

133 

203D203L 

2.42 

203D203R 

223 

203 D203I 

1.99 

203 D203W 

1.99 

203D203F 

1.92 

203D203H 

1.84 

203 D203C 

1.78 

203 D203S 

1.66 

203 D203 V 

1.66 

203D203G 

1.63 

203 D203Q 

1.60 

203 D203A 

1.53 

203 D203E 

1.34 

203D203N 

1.05 
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The following Table, provides 


Table IO-3. PAFPT>1<; 

Wad-Type 
Residue/Pos. Variant Amino AririATk 

A2 

W 

C7 

H.I.K.Y 

D10 

K. L. W. Y 

L12 

CO 

G15 

A 

E20 

C. G. H I. S, T, V, W 

D21 

K W 

G22 

A 

T25 

G.S 

E26 

AM 

A29 

G- R- V W, Y 

D31 

L. W 

O40 

G,LK,L,N,R,S,T,W, 
V 

L42 

RK.W 

A44 

C. F. V 

E47 

R.T 

L53 

H 

S54 

A. I. L. P. R. V 

A55 

G.T 

T57 

R S 

P63 

G 

P66 

H. I. R. V 

R67 

N 

N69 

KV 

A71 

G. H. T. S. T 

L74 

G.S 

P75 

R 


with a PAF PI greater than 1 .5. 


Table 10-3. PAFPT>1,«; 


Wild-Type 

Residue/Pos. Variant Am Inn \<-;*f e \ 

L78 

E. G. H. N. O. T. V 

A79 

HJ.L 

H81 

K 

D85 

H. N. O. R. S 

T93 

P.Y 

D95 

R 

K97 

R 

. m 

G.H.I.LS.T.Y 

P104 

C,E,F,G,H,LN,R,S, 
T.VW 

LI 05 

C. P 

1107 

E. G.N.S 

LI 09 

N 

Mill 

IK L 

VI 13 

L 

OH7 

A,F,G,H,M,R,S,T, 
VW.Y 

G123 

D. H. T. T_ T 

G124 

1.1. 

V125 

A. a P. S 

G126 

T 

T127 

H 

A131 

G.H.LP.R.V.W.Y 

P132 

Y 

VI 34 

G 

P140 

A- T 

P141 

G.H.I.L.R.S.T. V 

L142 

K.W 
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Table 10-3. PAFPI>1.5 


Wild-Type 


Residue/Pos. 

Variant Amino Acidfsk 


F, H, K, L, P, Q, R, S, T, 

A143 

V.W 

P144 

F.H.K.R.S.Y 

M145 

L 

P148 

A.K.L.R.T.V 

1153 

K 

G157 

R.T 

E158 

F.H.K.L.R.S. V.W. Y 

T161 

H.R.Y 

A165 

T 

Y168 

G.T 

A170 

G.LK 

L171 

H.LK.T 

A172 

I.S 

F174 

G.P 

Ml 75 

GLO.RTV 

P178 

L 

F196 

C, G, H, L, M, S 

G190 

W 

E198 

I,L,P,R,V,W 

A199 

C,E,K 

R202 

E,F,H,T,W 


A,C,F,G,H,I,L>Q,R, 

D203 

S,V,W 

V206 

E, F, G, H, K, R, S, 

A209 

K 

E210 

H,K,S,T,V,W 

Q211 

K 

V212 

W 


Table 10-4 provides variants with PAF PI values greater than 2.0. 
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Table 10-4. Variants with PAT PI > 
— 2xfl 


Wfld-Type 
Residue/Pos 

. Amino Acid Variants 

C7 

K.Y 

D10 

K.L.W 

L12 

CO 

E20 

G.H.LS.T.V.W 

E26 

M 

O40 

L K . T .T. W 

L42 

K W 

A44 

F.V 

E47 

R 

L53 

H 

S54 

A. L L, P. R. V 

L74 

S 

L78 

E. G. R N 

D85 

O.R.S 

T93 

FY 

D95 

E 

K97 

R 

A98 

H.I.I.Y 

PI 04 

G. H. I. S. T. V. W 

1107 

E.S 

0117 

A.G.H.T.V.W.Y 

V125 

G 

P141 

H.I.L 

L142 

W 

A143 

H.K.L.R.T.V.W 

P144 

K-Y 

P148 

V 

E1S8 

F.H.K 

T161 

R.Y 

L171 

K 

M175 

G,T 

D203 

L» R 

V206 

E,F,K 

E210 

T 
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The following Table provides PAD 


Table 10-5. PAD Assay Results 

Position 

( WT/Posy 
Mutatioi 

r 

^ Variant 

PAD Pprf 
Ind. 

1 

M001A 

A 

<0.01 

1 

M001E 

E 

<0.01 

1 

M0O1F 

F 

<0.01 

1 

M001G 

G 

<0.01 

1 

M0O1K 

K 

<0.01 

1 

MOO IN 

N 

<0.01 

1 

M001P 

P 

<0.01 

1 

MO01R 

R 

<0.01 

2 

MOO IS 

S 

<0.01 


MOOIT 

T 

<0.01 


M001W 

W 

<0.01 


M001V 

V 

0.944944 

3 

K003V 

V 

0.835476 

4 

R004L 

L 

<0.01 

4 

R004V 

V 

0.079216 

4 

R004I 

I 

0.153122 

4 

R004W 

w 

0.484006 

4 

R004G 

G 

0.78952 

4 

R004S 

S 

0.907174 

4 

R004E 

E 

0.970668 

4 

R004Y 

Y 

0.983327 

4 

R004H 

H 

0.986096 

4 

R004O 

0 

0.98766 

4 

R004T 

T 

0.999841 

5 

I0O5G 

G 

<0.01 

5 

I0O5N 

N 

<0.01 


for various variants. 


Table 10-5. PAD Assay Results 

Position 

W I /Fosj 

IVlUlSiUOl 

Variant 

i 

t PADPerf. 
Ind. 

5 

I005P 

p 

<0.01 

5 

I005R 

R 

<0.01 

5 

I005W 

W 

<0.01 

5 

I005F 

F 

0.15045 

5 

I005S 

S 

0.367738 

5 

I005H 

H 

0.626022 

5 

I005T 

T 

0.7212 

5 

I005V 

V 

0.917243 

6 

L006S 

S 

<0.01 

6 

L006K 

K 

<0.01 

6 

L006G 

G 

<0.01 

6 

LO06H 

H 

<0.01 

6 

L006R 

R 

<0.01 

6 

L006W 

W 

<0.01 

6 

L006E 

E 

<0.01 

6 

L006O 

o 

<0.01 

6 

L006V 

V 

0.352616 

6 

L006T 

T 

0.354148 

6 

L006I 

I 

0.819654 

7 

C007S 

S 

<0.01 

7 

C007R 

R 

<0.01 

7 

C007L 

L 

<0.01 

7 

C007P 

P 

<0.01 

7 

C007T 

T 

<0.01 

7 

C007W 

. W 

<0.01 

7 

C007Y 

Y 

0.544454 
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Table 10-5. PAD Assay Results 


Table 10-5. PAD Assay Results 

Position 

W 1/Fos/ 

IV A U Mm UilJU 

Variant 

FAD Peri. 

fnri 


Position 

W I/ros/ 
iTiuissuun 

Variant 

PAD Pert, 
lnu* 

7 

C007M 

M 

0.678238 


12 

L012V 

V 

O.Ol 

7 

C007G 

G 

0.686018 


12 

L012S 

S 

O.Ol 

10 

D010W 

W 

<0.01 


12 

L012G 

G 

O.Ol 

10 

D010K 

K 

<0.01 


12 

L012R 

R 

O.Ol 

10 

D010Y 

Y 

<0.01 


12 

L012D 

D 

O.Ol 

10 

DO10T 

T 

<0.01 


12 

L012P 

P 

O.Ol 

10 

DO10I 

I 

<0.01 





O.Ol 627385 

10 

DO10V 

V 

<0.01 


12 

L012W 

W 

75856614 

10 

DO10S 

S 

<0.01 


12 

L012T 

T 

0.064264 

10 

D010G 

G 

<0.01 


12 

L012A 

A 

0.074567 

10 

D010R 

R 

O.Ol 


12 

L012K 

K 

0.134919 

10 

D010A 

A 

<0.01 


12 

L012H 

H 

0.164894 

10 

D010M 

M 

O.Ol 


12 

L012F 

F 

0.171369 

10 

D010N 

N 

<0.01 


12 

L012O 

o 

0.219754 

10 

D010P 

P 

O.Ol 


12 

L012C 

C 

0.221492 

10 

D010E 

E 

0.147899 


12 

L012N 

N 

0.655242 

11 

SOI IT 

T 

O.Ol 


13 

T013F 

F 

O.Ol 

11 

SOI IV 

V 

O.Ol 


13 

T013R 

R 

O.Ol 

11 

SOI ID 

D 

O.Ol 


13 

T013W 

W 

O.Ol 

11 

SOI IE 

E 

O.Ol 


13 

T013O 

Q 

0.508867 

11 

SOI IF 

F 

O.Ol 


13 

T013V 

V 

0.625148 

11 

S011G 

G 

O.Ol 


13 

T013S 

S 

0.682494 

11 

soul 

L 

O.Ol 


13 

T013G 

G 

0.768701 

11 

SOI 10 

o 

O.Ol 


14 

W014I 

I 

O.Ol 

11 

sour 

R 

O.Ol 


14 

W014S 

S 

O.Ol 

11 

S011H 

H 

0.332012 


14 

W014G 

G 

O.Ol 

11 

SOI IK 

K 

0.399168 


14 

W014K 

K 

O.Ol 

11 

son a 

A 

0.528328 


14 

W014V 

V 

O.Ol 

11 

SOI 11 

I 

0.562735 


14 

W014L 

L 

O.Ol 
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JL U31UVU 

WT/Pos/ 
Mutation 

Variant 

PADPerf. 
Ind. 

1 A 

14 

W014T 

1 

<U.Ui 

-1 A 

14 

W014R 

R 

.cA ai 
<U.U1 

14 

W014N 

XT 

N 

w\ ai 
<0.U1 

14 

TTTA1 AT% 

W014P 

P 

<U.01 

14 

TTTAI AT* 

W014E 

E 

0.13004J 

14 

W014F 

F 

0.218073 

14 

W014A 

A 

A 

0.271277 

14 

W014Y 

XT' 

Y 

0.64896 

14 

W014W 

W 

0.989643 

15 

G015C 

c 

<0.01 

15 

/TXT 

G015N 

XT 

N 

,W\ AI 
<0.01 

15 

G015D 

TX 

D 

s-r\ Al 
<U.U1 

15 

G015E 

E 

^A Al 
<U.UI 

15 

G015H 

TT 

ri 

^A Al 
<U.U1 

15 

G015K 

\r 

Jv 

<U.U1 

ID 


T 

<0 01 

15 

G015P 

P 

O.01 

15 

G015R 

R 

<0.01 

15 

G015Y 

Y 

<0.01 

15 

G015A 

A 

0.614319 

15 

G015S 

S 

0.631317 

16 

W016S 

s 

<0.01 

16 

W016G 

G 

<0.01 

16 

W016H 

H 

<0.01 

16 

W016N 

N 

<0.01 

16 

W016R 

R 

<0.01 

16 

W016T 

T 

<0.01 

16 

W016P 

P 

0.150383 

16 

W016O 

Q 

0.312038 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PADPerf. 
Ind. 

1 A 

W U 1 OlVl 

1V1 


lo 

wni aa 

A 

U. JJJUOO 

i a 
lo 

YVUIOU 

u 

ft ^fi071 ^ 

i a 
lo 

w/ni AT? 
wuion 

xz 

a A47a7S 

U.O*f f J fJ 

1 A 

16 

WAI AV 
YVUIOV 

V 

U.o / JjZ / 

17 

\/A1 7 A 

VUl /A 

A 

A 

ft A7^*01 

U.O IDJ^i 

1 7 

17 

\/A1 7t? 
VUl /C, 

T3 

JtS 

ft 7A071 7 

u. /*fy /if 

17 

\/A1 
VU1 /VJ 

d 
VJ 


17 

VUl /IV 


H KAAA7Q 

1 7 
1 / 

VUl /r 

17 

r 

A fM7A01 

1 7 
1 / 

vni7T 

VUl / 1 

l 

A R Al R77 

1 7 
1 / 

\/A1 7V 
VUl / I 

v 

A Q7AA7C 
U.o /OO/o 

1 7 
1 / 

VUl /XV 

p 

o o^fini ^ 

v.yjuv/i j 

1 7 
1 / 

VUl /Jr 

p 

0 0%70S 

1 7 
1 / 

VUl fx 

T 
1 


17 

V017L 

L 

0.996217 

18 

P018A 

A 

<0.01 

18 

P018M 

M 

<0.01 

18 

P018S 

S 

0.066689 

19 

V019P 

P 

<0.01 

19 

V019M 

M 

0.117174 

19 

V019R 

R 

0.343385 

19 

V019O 

0 

0.395965 

19 

V019A 

A 

0.554598 

19 

V019G 

G 

0.55596 

19 

V019S 

S 

0.573928 

19 

V019E 

E 

0.620236 

19 

V019Y 

Y 

0.696626 

19 

V019D 

D 

0.785756 
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Position 

WTYPos/ 

LVlllCauOn 

Variant 

PAD Pert 

19 

V019L 

L 

0.910961 

19 

V019K 

K 

0.965611 

21 

D021V 

V 

O.01 

21 

D021P 

P 

0.534939 

21 

D021S 

s 

0.689672 

21 

D021E 

E 

0.864655 

21 

D021F 

F 

0.876655 

21 

D021W 

W 

0.894205 

21 

D021L 

L 

0.971454 

22 

G022K 

K 

<0.01 

22 

G022W 

W 

0.231005 

22 

G022R 

R 

0.563069 

22 

G022V 

V 

0.850851 

22 

G022S 

s 

0.981692 

23 

A023R 

R 

0.283095 

23 

A023S 

S 

0.335177 

23 

A023G 

G 

0.350575 

23 

A023F 

F 

0.438047 

23 

A023V 

V 

0.598414 

23 

A023O 

o 

0.732052 

23 

A023P 

P 

0.733451 

23 

A023W 

W 

0.801206 

23 

A023M 

M 

0.946802 

23 

A023Y 

Y 

0.962455 

24 

P024S 

S 

0.614708 

24 

P024O 

0 

0.652848 

24 

P024T 

T 

0.663925 

24 

P024A 

A 

0.681992 

24 

P024G 

G 

0.755229 


Table 10-5* PAD Assay Results 


Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perff. 
in a. 

24 

P024I 

I 

0.853247 

24 

P024R 

R 

0.907892 

24 

P024H 

H 

0.969695 

25 

T025P 

P 

<0.01 

25 

T025H 

H 

<0.01 

25 

T025L 

L 

<0.01 

25 

T025R 

R 

<0.01 

25 

T025M 

M 

<0.01 

25 

T025E 

E 

<0.01 

25 

T025D 

D 

<0.01 

25 

TQ25K 

K 

0.133406 

25 

T025W 

W 

0.144315 

25 

T025I 

I 

0.350917 

25 

T025G 

G 

0.426214 

25 

T025C 

c 

0.509792 

25 

T025V 

V 

0.514769 

25 

T025S 

s 

0.576256 

25 

T025A 

A 

0.863346 

26 

E026S 

S 

0.280953 

26 

E026T 

T 

0.39705 

26 

E026W 

W 

0.471182 

26 

E026N 

N 

0.47572 

26 

E026R 

R 

0.813632 

26 

E026G 

G 

0.869755 

26 

E026C 

C 

0.939981 

26 

E026V 

V 

0.966156 

26 

E026P 

P 

0.993535 

27 

R027W 

w 

O.01 

27 

R027T 

T 

<0.01 497896 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
ma. 




77895526 

27 

R027P 

P 

0.483512 

27 

R027C 

c 

0.58498 

27 

R027S 

s 

0.686775 

27 

R027G 

G 

0 836174 

27 

R027E 

E 

0.925988 

27 

R027V 

V 

0 943209 

28 

F028G 

G 

<0.01 

28 

F028H 

H 

<0.01 

28 

F028I 

I 

<0.01 

28 

F028R 

R 

<0.01 

28 

F028P 

P 

0.385272 

28 

F028V 

V 

0.531941 

28 

F028S 

S 

0.696363 

29 

A029V 

V 

0.43718 

29 

A029T 

T 

0.467508 

29 

A029S 

S 

0.546873 

29 

A029Y 

Y 

0.593264 

29 

A029P 

P 

0.622623 

29 

A029R 

R 

0.728312 

29 

A029W 

W 

0.738583 

29 

A029M 

M 

0.768108 

29 

A029G 

G 

0.802278 

29 

A029E 

E 

0.844095 

29 

A029D 

D 

0.996225 

30 

P030M 

M 

0.78893 

30 

P030O 

o 

0.905135 

30 

P030A 

A 

0.918048 

31 

D031E 

E 

0.882779 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

27 

R027P 

p 

0483512 

27 

RQ27C 

c 

0 58498 

27 

R027S 

s 

0 686775 

27 

R027G 

G 

0 8361 74 

V/. OJU1 / *T 

27 

R027E 

J— » 

0 99 5988 

27 

R027V 

v 

0 94^200 

28 

F028G 


<o oi 

28 

F028H 

H 

<0 01 

28 

F028I 

I 


28 

F028R 

R 


28 

F028P 

p 

0 385272 

28 

F028V 

v 

0 531941 

28 

F028S 

s 

0 696363 

29 

A029V 

v 

0.43718 

29 

A029T 

T 

0 467508 

29 

A029S 

S 

0.546873 

29 

A029Y 

Y 

0.593264 

29 

A029P 

P 

0.622623 

29 

A029R 

R 

0.728312 

29 

A029W 

W 

0.738583 

29 

A029M 

M 

0.768108 

29 

A029G 

G 

0.802278 

29 

A029E 

E 

0.844095 

29 

A029D 

D 

0.996225 

30 

P030M 

M 

0.78893 

30 

P030O 

o 

0.905135 

30 

P030A 

A 

0.918048 

31 

D031E 

E 

0.882779 
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Table 10-5. PAD Assay Results 


Position 

WT/Pos/ 
Mutatioi 

Varianl 

i 

PAD Perf. 
Ind. 


Position 

WT/Pnsl 

TT A /X If 2ft/ 

Mutation 

t 

Variant 

PAH T>«_f 

TnH 

32 

V032P 

P 

<0.01 


36 

G036V 

V 

0.375828 

32 

V032R 

R 

0.715259 


36 

G036M 

M 

0.536338 

33 

R033D 

D 

<0.01 


36 

G036N 

N 

0.557724 

33 

R033E 

E 

<0.01 


36 

G036W 

W 

0.682701 

33 

R033H 

H 

<0.01 


36 

G036O 

o 

0.712029 

33 

R033P 

P 

<0.01 


36 

G036R 

R 

0.897684 

33 

R033W 

W 

<0.01 


38 

L038K 

K 

<0.01 

33 

R033V 

V 

0.935183 


38 

L038G 

G 

<0.01 

34 

W034R 

R 

<0.01 


38 

L038E 

E 

<0.01 

34 

W034E 

E 

<0.01 


38 

L038P 

P 

<0.01 

34 

W034K 

K 

<0.01 


38 

L038O 

o 

<0.01 

34 

W034O 

Q 

0.041311 


38 

L038R 

R 

<0.01 

34 

W034S 

s 

0.079486 


38 

L038W 

W 

<0.01 

34 

W034T 

T 

0.153641 


40 

O040P 

P 

<0.01 

34 

W034V 

V 

0.72591 


41 

O041V 

V 

<0.01 

34 

W034G 

G 

0.880049 


41 

O041S 

S 

0.222419 

34 

W034I 

I 

0.93831 


41 

O041P 

P 

0.662368 

35 

T035O 

Q 

<0.01 


41 

O041Y 

Y 

0.701492 

35 

T035N 

N 

<0.01 


41 

O041W 

W 

0.878483 

35 

T035R 

R 

<0.01 


42 

L042W 

W 

<0.01 

35 

T035K 

K 

<0.01 


42 

L042H 

H 

<0.01 

35 

T035L 

L 

<0.01 


42 

L042T 

T 

<0.01 

35 

T035P 

P 

<0.01 


42 

L042D 

D 

<0.01 

35 

T035W 

W 

<0.01 


42 

L042O 

O 

0.280991 

35 

T035Y 

Y 

<0.01 


42 

L042S 

S 

0.450557 

35 

T035V 

V 

0.344374 


42 

L042R 

R 

0.64188 

36 

G036P 

P 

<0.01 


42 

L042I 

I 

0.658658 

36 

G036S 

s 

0.25722 


42 

L042V 

V 

0.725221 

36 

G036T 

T 

0.326076 


42 

L042M 

M 

0.73687 
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Position 

Mutation 

IT JL u * ** VMM 

Variant 

PAT) Pprf 

Ind. 

42 

L042G 

G 

0.759964 

43 

G043S 

S 

0.233902 

43 

G043P 

P 

0.310899 

43 

G043V 

V 

0.332639 

43 

G043O 

o 

0.475759 

43 

G043R 

R 

0.585481 

43 

G043C 

C 

0.725373 

43 

G043I 

I 

0.766408 

43 

G043K 

K 

0.856798 

43 

G043M 

M 

0.877674 

43 

G043Y 

Y 

0.944457 

43 

G043H 

H 

0.957156 

44 

A044S 

S 

<0.01 

44 

A044Y 

Y 

<0.01 

44 

A044T 

T 

<0.01 

44 

A044R 

R 

O.01 

44 

A044D 

D 

<0.01 

44 

A044H 

H 

<0.01 

44 

A044P 

P 

<0.01 

44 

A044E 

E 

0.028463 

44 

A044V 

V 

0.504951 

44 

A044F 

F 

0.803847 

44 

A044W 

W 

0.847767 

44 

A044M 

M 

0.975188 

44 

A044L 

L 

0.99381 

45 

D045S 

S 

0.382964 

45 

D045T 

T 

0.438291 

45 

D045R 

R 

0.492492 

45 

D045V 

V 

0.500129 


PCT/US2004/040438 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

45 

D045P 

P 

0.531241 

45 

D045O 

o 

0.568687 

45 

D045W 

w 

0.582004 

45 

D045H 

H 

0.779564 

45 

D045L 

L 

0.781626 

45 

D045M 

M 

0.78286 

45 

D045G 

G 

0.839279 

45 

D045A 

A 

0.841569 

45 

D045C 

C 

0.844725 

45 

D045K 

K 

0.867296 

46 

F046H 

H 

O.01 

46 

F046T 

T 

0.429962 

46 

F046W 

W 

0.633171 

46 

F046S 

S 

0.656356 

46 

F046V 

V 

0.786355 

46 

F046I 

I 

0.882982 

46 

F046G 

G 

0.944614 

47 

E047P 

P 

0.357072 

47 

E047R 

R 

0.620501 

47 

E047N 

N 

0.627512 

47 

E047S 

S 

0.628088 

47 

E047M 

M 

0.703134 

47 

E047A 

A 

0.757492 

47 

E047F 

F 

0.763159 

47 

E047C 

C 

0.772744 

47 

E047T 

T 

0.837562 

47 

E047D 

D 

0.975388 

47 

E047H 

H 

0.99217 

48 

V048R 

R 

<0.01 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

48 

V048W 

W 

<0.01 

48 

V048S 

S 

0.423613 

48 

V048G 

G 

0.873544 

48 

V048N 

N 

0.980906 

48 

V048E 

E 

0.987222 

49 

I049P 

P 

0.161279 

49 

I049R 

R 

0.29139 

49 

I049W 

W 

0.676641 

49 

I049H 

H 

0.740799 

49 

I049S 

S 

0.789362 

49 

I049E 

E 

0.876247 

49 

I049V 

V 

0.972022 

50 

E050R 

R 

<0.01 

50 

E050W 

W 

0.14091 

50 

E050V 

V 

0.425221 

50 

E050I 

I 

0.575369 

50 

E050S 

s 

0.645021 

50 

E050O 

o 

0.906441 

50 

E050L 

L 

0.967983 

51 

E051R 

R 

<0.01 

51 

E051P 

P 

<0.01 

51 

E051I 

I 

0.044391 

51 

E051W 

W 

0.165053 

51 

E051V 

V 

0.367755 

51 

E051O 

0 

0.761883 

51 

E051L 

L 

0.927544 

52 

G052H 

H 

<0.01 

52 

G052S 

S 

<0.01 

52 

G052V 

V 

<0.01 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

52 

G052T 

T 

<0.01 

52 

G052M 

M 

<0.01 

52 

G052F 

F 

<0.01 

52 

G052I 

I 

0.069022 

52 

G052P 

P 

0.242545 

52 

G052L 

L 

0.244397 

52 

G052O 

o 

0.283827 

52 

G052R 

R 

0.349923 

52 

G052E 

E 

0.549067 

52 

G052A 

A 

0.793929 

53 

L053R 

R 

<0.01 

53 

L053W 

W 

<0.01 

53 

L053P 

P 

<0.01 

53 

L053D 

D 

<0.01 328259 
968325 

53 

L053E 

E 

0.191623 

53 

L053K 

K 

0.237686 

53 

L053S 

S 

0.260431 

53 

L053G 

G 

0.32712 

53 

L053V 

V 

0.652864 

53 

L053I 

I 

0.659806 

53 

L053O 

o 

0.717093 

53 

L053T 

T 

0.842042 

54 

S054F 

F 

<0.01 

54 

S054W 

W 

<0.01 

54 

S054H 

H 

<0.01 

54 

S054K 

K 

0.083519 

54 

S054I 

I 

0.116295 

54 

S054Y 

Y 

0.124722 
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Table 10-5. PAD Assay Results 

Position 

W l /Jr OS/ 

1X1 U lullUU 

Variant 

FAD Ferf. 

Tntl 


Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 

illu. 

54 

S054G 

G 

0.170484 


56 

R056W 

W 

<0.01 

54 

S054L 

L 

0.258821 


56 

R056Y 

Y 

<0.01 

54 

S054V 

V 

0.285755 


56 

R056S 

s 

0.123501 

54 

S054E 

E 

0.296919 


56 

R056L 

L 

0.237933 

54 

S054T 

T 

0.329279 


56 

R056N 

N 

0 267811 

54 

S054R 

R 

0.354857 


56 

R056A 

A 

0 68802 

54 

S054M 

M 

0.482666 


57 

T057R 

R 

<0.01 

54 

S054O 

o 

0.531633 


57 

T057P 

P 

<0.01 

54 

S054D 

D 

0.647787 


57 

T057W 

W 

O.01 

54 

S054C 

C 

0.87772 


57 

T057N 

N 

0.245605 

55 

A055V 

V 

O.01 


57 

T057C 

c 

0.398001 

55 

A055I 

I 

<0.01 


57 

T057Y 

Y 

0.551709 

55 

A055P 

P 

O.01 


57 

T057H 

H 

0.605386 

55 

A055W 

W 

<0.01 


57 

T057A 

A 

0.651879 

55 

A055Y 

Y 

0.176777 


57 

T057L 

L 

0.762087 

55 

A055R 

R 

0.245648 


57 

T057V 

V 

0.86913 

55 

A055T 

T . 

0.415054 


57 

T057I 

I 

0.870692 

55 

A055G 

G 

0.731513 


58 

T058E 

E 

<0.01 

55 

A055L 

L 

0.866592 


58 

T058G 

G 

<0.01 

55 

A055S 

S 

0.866756 


58 

T058K 

K 

<0.01 

55 

A055H 

H 

0.921909 


58 

T058P 

P 

<0.01 

56 

R056C 

C 

<0.01 


58 

T058R 

R 

<0.01 

56 

R056G 

G 

<0.01 


58 

T058W 

W 

<0.01 

56 

R056T 

T 

<0.01 


58 

T058Y 

Y 

<0.01 

56 

R056E 

E 

<0.01 


58 

T058M 

M 

0.026886 

56 

R056H 

H 

<0.01 


58 

T058A 

A 

0.361258 

56 

R056K 

K 

<0.01 


58 

T058V 

V 

0.955494 

56 

R056P 

P 

<0.01 


58 

T058S 

s 

0.964758 

56 

R056O 

0 

<0.01 


59 

N059R 

R 

<0.01 
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Position 

UT/Piki 

TV YlK QSi 

Mutatioi 

f 

t Variant 

BAH p f 

k r AD Ferf. 

Ttui 
inti. 

59 

N059M 

M 

<0.01 

59 

N059P 

P 

<0.01 

59 

N059O 

O 

0.165409 

59 

N059T 

T 

0.501362 

59 

N059S 

S 

0.651989 

59 

N059K 

K 

0.731191 

59 

N059E 

E 

0.879272 

59 

N059V 

V 

0.887341 

59 

N059G 

G 

0.890006 

59 

N059F 

F 

0.911279 

59 

N059A 

A 

0.929578 

59 

N059Y 

Y 

0.99189 

59 

N059C 

C 

0.99959 

60 

I060P 

P 

0.318965 

60 

I060D 

D 

0.660273 

60 

I060C 

C 

0.668516 

60 

I060M 

M 

0.682237 

60 

I060A 

A 

0.788799 

60 

I060R 

R 

0.809655 

60 

I060L 

L 

0.913226 

60 

I060E 

E 

0.923286 

60 

I060K 

K 

0.959958 

60 

I060S 

S 

0.999829 

61 

D061F 

F 

0.698154 

61 

D061A 

A 

0.708121 

61 

D061C 

C 

0.848446 

61 

D061Y 

Y 

0.948278 

61 

D061V 

V 

0.968066 

61 

D061N 

N 

0.999276 
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Position 

i WTVPosJ 
Mutation 

r 

^ Variant 

PADPerf. 
Ind. 

62 

D062T 

T 

<rfl HI 

62 

D062T 

T 
A 


62 


V 


62 

xjyjyjjLri. 

n 

*rf\ fit 

62 

U\J\JZ, W 

w 

w\ ai 
<U.U1 

62 

DC\60<1 

c 

o 

^A A1 

62 

TH)62T 

T 

AI 
<U.U1 

62 

jLJKfKJjLKJ 


At 

62 

JL/UUZ-xv 

IV 

<U.U1 

62 


IV1 

*rA A1 

62 


p 

*rf\ A1 

62 

D062O 

V 


62 

D062A 

A 

All nC^J 

62 

D062P 



62 

D062E 


ft ^fwiAO 

63 

P063A 

A 

0.598416 

63 

P063R 

R 

0.801911 

63 

P063S 

S 

0.898408 

. 63 

P063M 

M 

0.908904 

63 

P063F 

F 

0.925844 

63 

P063Y 

Y 

0.948378 

64 

T064R 

R 

0.106209 

64 

T064D 

D 

0.640095 

64 

T064W 

W 

0.691185 

64 

T064O 

0 

0.865168 

64 

T064C 

c 

0.876862 

64 

T064P 

p 

0.936023 

64 

T064H 

H 

0.960718 

64 

T064N 

N 

0.983933 
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Jrosinon 

WT/Pos/ 
Mutation 

Vanam 

PAD Perf. 
Ind. 

64 

T064S 

S 

0.987972 

65 

D065V 

V 

0.199467 

65 

D065R 

R 

0.215599 

65 

D065H 

H 

0.398178 

65 

D065Y 

Y 

0.42301 

65 

D065P 

P 

0.423122 

65 

D065S 

S 

0.468174 

65 

D065W 

w 

0.50219 

65 

D065T 

T 

0.5039 

65 

D065G 

G 

0.51655 

65 

D065I 

I 

0.617391 

65 

D065A 

A 

0.723321 

66 

P066N 

N 

0.381273 

66 

P066O 

0 

0.422614 

66 

P066G 

G 

0.444859 

66 

P066R 

R 

0.508806 

66 

P066C 

C 

0.523524 

66 

P066A 

A 

0.563865 

66 

P066F 

F 

0.672865 

66 

P066Y 

Y 

0.699931 

66 

P066D 

D 

0.718749 

66 

P066I 

I 

0.844376 

66 

P066V 

V 

0.89302 

66 

P066H 

H 

0.947771 

66 

P066L 

L 

0.987271 

67 

R067F 

F 

O.01497362 
60903786 

67 

R067W 

W 

<0.01 713297 
32205367 

67 

R067P 

P 

0.036575 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

67 

R067E 

E 

0.113415 

67 

R067V 

V 

0.1203 

67 

R067O 

o 

0.126838 

67 

R067L 

L 

0.156654 

67 

R067A 

A 

0.215271 

67 

R067T 

T 

0.315404 

67 

R067N 

N 

0.333066 

67 

R067G 

G 

0.40823 

67 

R067K 

K 

0.986487 

68 

L068G 

G 

<0.01 

68 

L068A 

A 

O.01 

68 

L068M 

M 

0.02834 

68 

L068C 

C 

0.05996 

68 

L068S 

S 

0.071622 

68 

L068N 

N 

0.100981 

68 

L068E 

E 

0.131505 

68 

L068H 

H 

0.222734 

68 

L068O 

O 

0.254448 

68 

L068F 

F 

0.254797 

68 

L068T 

T 

0.324904 

68 

L068P 

P 

0.35297 

68 

L068D 

D 

0.443469 

68 

L068Y 

Y 

0.447862 

68 

L068R 

R 

0.465293 

68 

L068V 

V 

0.507389 

68 

L068W 

W 

0.561612 

68 

L068I 

I 

0.727312 

69 

N069Y 

Y 

0.173925 

69 

N069W 

W 

0.55063 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf . 
Ind. 

69 

N069P 

p 

0 591783 

69 

N069R 

R 

0 828172 

69 

N069G 

G 

0 976332 

70 

G070M 

M 

<0.01 

7ft 

Gft7ftT 

T 

A. 

O.01 

7ft 

/V/ 

G070P 

P 

X 

<0.01 

7ft 

G070V 

V 

<0.01 

7ft 


P 

<0 01 

7ft 

G070R 

R 
i\ 

<0.01 

7ft 

Gft7ftY 

Y 

<0 01 

7ft 
/u 

G070TC 

ir 

XV. 

<0 01 

70 

G070N 

N 

<0.01 

70 

G070O 

o 

<0.01 

70 

G070F 

F 

<0.01 

70 

G070I 

I 

0 270463 

70 

G070E 

E 

0.33356 

70 

G070S 

S 

0.638917 

71 

A071P 

P 

<0.01 

71 

A071N 

N 

0.613838 

71 

A071D 

D 

0.646588 

71 

A071G 

G 

0.675895 

71 

A071S 

s 

0.693249 

71 

A071R 

R 

0.771492 

71 

A071H 

H 

0.781953 

71 

A071I 

I 

0.786894 

71 

A071T 

T 

0.79386 

71 

A071E 

E 

0.809505 

71 

A071L 

L 

0.838126 

71 

A071F 

F 

0.985677 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
ind. 

71 

A071C 

c 

0.993683 

72 

S072Y 

Y 

0.069096 

72 

S072W 

W 

0.339835 

72 

S072P 

p 

0.555612 

72 

S072O 

o 

0.655328 

72 

S072L 

L 

0 703483 

" 72 

S072R 

R 

0.742354 

72 

S072D 

D 

0.800127 

72 

S072V 

v 

0.82827 

72 

S072E 

E 

0.930527 

72 

S072T 

T 

0.973836 

73 

Y073P 

p 

<0.01 

73 

Y073R 

R 

0.262561 

73 

Y073L 

L 

0.497588 

73 

Y073G 

G 

0.509699 

73 

Y073H 

H 

0.515737 

73 

Y073I 

I 

0.641914 

73 

Y073S 

S 

0.676285 

73 

Y073V 

V 

0.73535 

73 

Y073N 

N 

0.758401 

73 

Y073D 

D 

0.803442 

73 

Y073O 

0 

0.866092 

73 

Y073K 

K 

0.944166 

76 

S076W 

W 

<0.01 

76 

S076Y 

Y 

0.177113 

76 

S076F 

F 

0.461095 

76 

S076O 

o 

0.900789 

77 

C077Y 

Y 

<0.01 

77 

C077R 

R 

<0.01 
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Position 

WT/Pos/ 
Mutation 

Variant 

TO A Tl Ba^ 

xuu* 

77 

C077W 

W 

<0.01 

77 

C077F 

F 

<0.01 

77 

C077N 

N 

<0.01 

77 

C077P 

P 

<0.01 

77 

C077G 

G 

0.181068 

77 

C077L 

L 

0.734708 

77 

C077S 

S 

0,764136 

77 

C077V 

V 

0.802259 

77 

C077A 

A 

0.912937 

78 

L078E 

E 

<0.01 

78 

L078N 

N 

<0.01 

78 

L078A 

A 

<0.01 

78 

L078P 

P 

<0.01 

78 

L078R 

R 

<0.01 

78 

L078S 

S 

<0.01 

78 

L078M 

M 

0.477538 

78 

L078O 

O 

0.519566 

78 

L078C 

C 

0.779536 

78 

L078Y 

Y 

0.809511 

78 

L078V 

V 

0.827484 

79 

A079H 

H 

<0.01 

79 

A079F 

F 

<0.01 

79 

A079V 

V 

<0.01 

79 

A079C 

C 

0.026887 

79 

A079O 

0 

0.268704 

79 

A079E 

E 

0.272158 

79 

A079N 

N 

0.281684 

79 

A079M 

M 

0.284387 

79 

A079R 

R 

0.321618 
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Position 

W 1/x OS/ 

Mutation 

Variant 

PAT) Pprf 
Jjl(L 

79 

A079W 

W 

0.530746 

79 

A079T 

T 

0.598368 

79 

A079I 

I 

0.673986 

79 

A079S 

S 

0.779628 

79 

A079G 

G 

0.915372 

79 

A079P 

P 

0.94147 

79 

A079L 

L 

0.958677 

80 

T080W 

W 

<0.01 

80 

T080L 

L 

<0.01 

80 

T080K 

K 

<0.01 

80 

T080R 

R 

<0.01 

80 

T080E 

E 

<0.01 

80 

T080P 

P 

<0.01 

80 

T080H 

H 

0.049717 

80 

T080Y 

Y 

0.107973 

80 

T080I 

I 

0.146188 

80 

T080N 

N 

0.529867 

82 

L082R 

R 

<0.01 

82 

L082S 

S 

<0.01 

82 

L082W 

W 

<0.01 

82 

L082V 

V 

0.187819 

82 

L082G 

G 

0.310823 

82 

L082T 

T 

0.377413 

82 

L082H 

H 

0.468806 

82 

L082I 

I 

0.508005 

82 

L082K 

K 

0.508537 

82 

L082P 

P 

0.516154 

82 

L082A 

A 

0.976228 

83 

P083T 

T 

<0.01 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

83 

P083V 

V 

0.186837 

83 

P083L 

L 

0.211018 

83 

P083H 

H 

0.611439 

83 

P083W 

W 

0.621496 

83 

P083G 

G 

0.677444 

83 

P083S 

S 

0.789585 

83 

P083O 

o 

0.818267 

83 

P083D 

D 

0.831344 

83 

P083F 

F 

0.99445 

84 

L084W 

W 

<0.01 

84 

L084V 

V 

0.416576 

84 

L084P 

P 

0.43025 

84 

L084T 

T 

0.438956 

84 

L084A 

A 

0.453182 

84 

L084O 

9 

0.516002 

84 

L084S 

s 

0.550862 

84 

L084R 

R 

0.565943 

84 

L084N 

N 

0.665228 

84 

L084K 

K 

0.79008 

84 

L084D 

D 

0.85276 

84 

L084I 

I 

0.870124 

84 

L084H 

H 

0.993217 

85 

D085I 

I 

0.100248 

85 

D085L 

L 

0.241561 

85 

D085V 

V 

0.25268 

85 

D085W 

W 

0.341677 

85 

D085P 

P 

0.543807 

85 

D085Y 

Y 

0.554364 

85 

D085S 

S 

0.675803 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAT) Pprf 

Ind. 

85 

D085T 

T 

0.708548 

85 

D085N 

N 

0.781957 

85 

D085O 

o 

0.988545 

86 

L086H 

H 

<0.01 

86 

L086S 

S 

<0.01 

86 

L086R 

R 

<0.01 

86 

L086E 

E 

<0.01 

86 

L086F 

F 

<0.01 

86 

L086O 

Q 

<0.01 

86 

L086W 

W 

0.077717 

86 

L086V 

V 

0.120133 

86 

L086T 

T 

0.284184 

86 

L086G 

G 

0.696393 

86 

L086Y 

Y 

0.815121 

86 

L086P 

P 

0.987233 

87 

V087S 

S 

<0.01 

87 

V087G 

G 

<0.01 

87 

V087Y 

Y 

<0.01 

87 

V087R 

R 

O.01 

87 

V087K 

K 

<0.01 

87 

V087D 

D 

O.01 

87 

V087F 

F 

0.103908 

87 

V087T 

T 

0.147618 

87 

V087A 

A 

0.16806 

87 

V087M 

M 

0.751854 

89 

I089H 

H 

<0.01 

89 

I089S 

S 

<0.01 

89 

I089G 

G 

<0.01 

89 

I089W 1 W 

<0.01 
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Position 

WT/Pos/ 
Mutation 

Variant 

Y* A TV D f 

PAD Perl . 
ina* 

89 

I089O 

o 

<0.01 

89 

I089D 

D 

<0.01 

89 

I089E 

E 

<0.01 

89 

I089R 

R 

<0.01 

89 

I089F 

F 

0.745747 

89 

I089V 

v 

0 820031 

89 

I089T 

T 

0 900425 

• ^ \J\J ■ M++mf 

94 

N094L 

L 

<0.01 

94 

N094T 

T 

<0.01 

94 

N094V 

v 

<0.01 

94 

N094H 

H 

<0.01 

94 

N094R 

R 

<0.01 

94 

N094W 

W 

<0.01 

94 

N094M 

M 

0.031458 

94 

N094C 

c 

0.072751 

94 

N094Y 

Y 

0.123924 

94 

N094G 

G 

0.532837 

94 

N094A 

A 

0.74316 

94 

N094P 

P 

0.789771 

94 

N094S 

S 

0.877698 

95 

D095A 

A 

<0.01 

95 

D095C 

C 

<0.01 

95 

D095G 

G 

<0.01 

95 

D095H 

H 

<0.01 

95 

D095K 

K 

<0.01 

95 

D095L 

L 

<0.01 

95 

D095N 

N 

<0.01 

95 

D095O 

0 

<0.01 

95 

D095R 

R 

<0.01 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAD Pen. 
ina. 

95 

D095S 

S 

<0.01 

95 

D095T 

T 

<0.01 

95 

D095V 

V 

<0.01 

95 

D095W 

W 

<0.01 

95 

D095Y 

Y 

<0.01 

95 

D095E 

E 

0.754335 

96 

T096I 

I 

<0.01 

96 

T096W 

W 

<0.01 

96 

T096Y 

Y 

<0.01 

96 

T096R 

R 

0.136108 

96 

T096V 

V 

0.58611 

96 

T096S 

s 

0.786547 

96 

T096P 

P 

0.885134 

97 

K097O 

O 

<0.01 

97 

K097G 

G 

<0.01 

97 

K097I 

I 

<0.01 

97 

K097W 

W 

<0.01 

97 

K097L 

L 

<0.01 

97 

K097V 

V 

<0.01 

97 

K097Y 

Y 

<0.01 

97 

K097S 

S 

<0.01 

97 

K097T 

T 

<0.01 

97 

K097D 

D 

<0.01 

97 

K097M 

M 

0.216645 

97 

K097A 

A 

0.227977 

97 

K097P 

P 

0.26585 

97 

K097R 

R 

0.587184 

99 

Y099R 

R 

0.291941 

99 

Y099V 

V 

0.311502 
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Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind. 

99 

Y099S 

S 

0.367181 

99 

Y099W 

w 

0.566038 

99 

Y099H 

H 

0.591623 

99 

Y099I 

I 

0.60574 

99 

Y099G 

G 

0.700083 

99 

Y099P 

P 

0.813989 

99 

Y099A 

A 

0.822549 

99 

Y099L 

L 

0.856204 

100 

F100W 

W 

<0.01 

100 

F100K 

K 

<0.01 

100 

F100D 

D 

<0.01 

100 

F100E 

E 

0.152427 

100 

F100S 

S 

0.852784 

101 

R101W 

W 

<0.01 

101 

R101K 

K 

0.068708 

101 

R101O 

o 

0.107171 

101 

R101V 

V 

0.442582 

. 101 

R101D 

D 

0.800722 

101 

R101Y 

Y 

0.803109 

101 

R101P 

P 

0.855496 

101 

R101N 

N 

0.918012 

101 

R101C 

C 

0.946306 

101 

R101I 

I 

0.955711 

101 

R101F 

F 

0.965422 

102 

R102W 

W 

<0.01 

102 

R102F 

F 

0.226881 

102 

R102G 

G 

0.270733 

102 

R102C 

C 

0.363718 

102 

R102V 

V 

0.60605 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 

TT Kim. W 

Mutation 

Variant 

PAD Perf 
Ind. 

102 

R102D 

D 

0.684234 

102 

R102P 

P 

0.894709 

102 

R102S 

S 

0.960127 

103 

T103W 

W 

<0.01 

103 

T103Y 

Y 

<0.01 

103 

T103G 

G 

<0.01 

103 

T103K 

K 

O.01 

103 

T103I 

I 

<0.01 

103 

T103L 

L 

<0.01 

103 

T103H 

H 

<0.01 

103 

T103A 

A 

<0.01 

103 

T103V 

V 

<0.01 

103 

T103S 

S 

<0.01 

103 

T103C • 

c 

<0.01 

103 

T103R 

R 

<0.01 

103 

T103N 

N 

<0.01 

103 

T103F 

F 

<0.01 

103 

T103P 

P 

<0.01 

104 

P104R 

R 

<0.01 

104 

P104A 

A 

<0.01 

104 

P104L 

L 

<0.01 

104 

P104W 

W 

0.232802 

104 

P104T 

T 

0.333526 

104 

P104S 

S 

0.529113 

104 

P104O 

0 

0.847699 

104 

P104F 

F 

0.863543 

104 

P104G 

G 

0.984538 

105 

LI 05V 

V 

<0.01 

105 

L105A 

A 

<0.01 
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Table 10-5. PAD Assay Results 

Position 

Mutatioi 

r 

Varianl 

IniL 

105 

L105M 

M 

<0.01 

105 

L105E 

E 

0.528458 

105 

L105S 

S 

0.609931 

105 

L105Y 

Y 

0.620029 

105 

L105T 

T 

0.638962 

105 

L105P 

P 

0.902642 

106 

D106R 

R 

0.559786 

106 

D106O 

O 

0.617485 

106 

D106P 

P 

0.632087 

106 

D106N 

N 

0.642667 

106 

D106M 

M 

0.855673 

106 

D106I 

I 

0.915931 

106 

D106L 

L 

0.99561 

107 

I107E 

E 

<0.01 

107 

I107G 

G 

<0.01 

107 

I107F 

F 

<0.01 

107 

I107O 

o 

<0.01 

107 

I107R 

R 

<0.01 

107 

I107H 

H 

<0.01 

107 

I107W 

W 

<0.01 

107 

I107P 

P 

0.318743 

107 

I107Y 

Y 

0.524182 

107 

I107A 

A 

0.795478 

107 

I107N 

N 

0.929935 

107 

I107V 

V 

0.96863 

108 

A108D 

D 

<0.01 

108 

A108F 

F 

O.01 

108 

A108H 

H 

<0.01 

108 

A108I 

I 

<0.01 


PCT/US2004/040438 


Table 10-5. PAD Assay Results 

Position 

WT/Poa 
Mutanoi 

f 

Variant 

i 

PADPerf. 
Ind. 

108 

A108N 

N 

<oni 

108 

A108P 

p 


108 

A108R 

p 

rv 

<rft fti 

108 

A108E 

F 

ft f\(Y706 

108 

A108O 

o 

ft A AW* 

108 

A108T 

T 

ft R&KATI 

108 

A108V 

V 

V 

ft CKfLlSM 

109 

L109W 

W 
w 


109 

L109D 


ft 1ft*?>ft£ 

109 

LI 091 

T 
i 

ft 1 AAtcn 

109 

L109E 

F 

ft 

109 

L109R 

p 

XV. 

ft 0 1 (YXAA 

109 

L109H 

H 

ft 99ft1 SI 

109 

L109O 

o 

ft ???7^S 

109 

L109F 

F 

ft ^17710 

109 

L109A 

A 

0.323528 

109 

L109S 

S . 

0.378623 

109 

L109P 

P 

0.434661 

109 

L109G 

G 

0.51022 

109 

LI 09V 

V 

0.539733 

109 

L109M 

M 

0.628881 

109 

L109N 

N 

0.658369 

109 

L109T 

T 

0.79132 

109 

L109Y 

Y 

0.825105 

110 

G110T 

T 

<0.01 

110 

G110L 

L 

<0.01 

110 

G110W 

W 

<0.01 

110 

G110Y 

Y 

<0.01 

110 

G110P 

P 

0.224284 
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Table 10-5. PAD Assay Results 

Position 

WT/Posi 
Mutatioi 

r 

( Varianl 

pin p or f 
raw rcn. 

Ind. 

110 

G110I 

I 

0.232219 

110 

Gil OS 

S 

0.30218 

110 

G110O 

O 

0.343918 

110 

G110R 

R 

0.476072 

110 

G110H 

H 

0.73456 

110 

G110N 

N 

0.770851 

110 

G110M 

M 

0.816422 

111 

M111R 

R 

<0.0l 

111 

M111S 

S 

0.139078 

111 

M111H 

H 

0.192733 

111 

M111G 

G 

0.315165 

111 

Ml IIP 

P 

0.566892 

111 

M111E 

E 

0.668985 

111 

M111L 

L 

0.67115 

111 

Mil IK 

K 

0.706165 

111 

Mil IT 

T 

0.763332 

111 

Mil IF 

F 

0.776934 

111 

M111D 

D 

0.78777 

111 

Mil IV 

V 

0.92522 

112 

S112Y 

Y 

<0.01 

112 

S112R 

R 

<0.01 

112 

S112P 

P 

<0.01 

112 

S112H 

H 

0.380254 

112 

SI 12V 

V 

0.479716 

112 

S112M 

M 

0.564157 

112 

S112W 

W 

0.582165 

112 

S112K 

K 

0.678369 

112 

S112T 

T 

0.721644 

112 

S112N 

N 

0.850159 


Table 10-5. PAD Assay Results 

Position 

^ wr/Fos) 

IrXUCaUOI 

Varianl 

i 

PAD Pert 
Ind. 

112 

S112F 

F 

0 878895 

****** W \J *r *J 

112 

S112A 

A 

0.943049 

113 

V113S 

s 

0.572415 

113 

V113G 

G 

0 579385 

113 

V113K 

K 

0 716865 

113 

V113H 

H 

0 763416 

113 

V113W 

W 

0 803685 

113 

V113L 

L 

0 854963 

113 

V113T 

T 

0 861744 

113 

V113D 

D 

0 871104 

113 

V113E 

E 

0936465 

113 

V113C 

c 

0.937598 

113 

V113F 

F 

0.959822 

113 

V113Y 

Y 

0 981976 

114 

L114H 

H 

<0.01 

114 

L114E 

E 

<0.01 

114 

L114F 

F 

<0.01 

114 

L114K 

K 

O.01 

114 

L114R 

R 

<0.01 

114 

L114W 

W 

<0.01 

114 

L114Y 

Y 

<0.01 

114 

L1140 

0 

0.115737 

114 

L114P 

P 

0.275464 

114 

L114S 

S 

0.545726 

114 

LI 14V 

V 

0.595416 

114 

L114N 

N 

0.77333 

115 

V115H 

H 

<0.01 

115 

V115K 

K 

<0.01 

115 

VI 151 

I 

0.994833 
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Table 10-5. PAD Assay Results 

Position 

WTYPos/ 
Mutation 

Variant 

PAD Pert*. 
Ind. 

1 16 

1 lu 

T1 16V 

I 1 1U I 

Y 

X 

0 4661 1 ? 

V/» » WvJ I 1 Z» 

116 

1 ID 

T1 16V 

1 1 1U V 

v 

ft S71R17 

116 
I lu 

T1 16R 

x> 

XV 

n 61 9R93 

116 
1 lO 

T1 16T 
1 1 lOL* 

T 

Lt 

ft 6R17ft1 

1 IO 

T1 16W 
1 1 iOW 

w 

ft 74Jtt^R 

116 

T1 16T 

T 
1 

ft 76047A 
V/. /Oln /*r 

116 
1 lu 

T1 16TI 

r\ 
\J 

ft 76RR67 

1 16 
110 

T1 16P 

1 1 lOJr 

p 

r 

ft R^67R6 

116 
1 10 

XI 16fT 
1 1 lOu 

ri 

VJ 

ft 001 RR6 

1 16 
1 IO 

T1 16T7 
1 1 IOC 

LZ 

ft 0ft6194 

Vl.7VlVlZ.*t 

116 
i IO 

T1 16A 

A 
/\ 

ft QS?ftfY* 

1 16 
X IO 

T1 16<1 

C 

ft 96100S 
vi • y v* j \jvjj 

1 17 
11/ 

HI 17W 

w 

w 

ft 7ft7(TC5 

VI. /VI f\J*>J 

117 

ni 17V 

Vfl I / V 

V 

ft 761 971 

117 

11 / 

D117G 

\J I I / VJ 

VJ 

0 794858 

117 

1 X I 

OH7S 

s 

0 86512 

118 

V118K 

K 

<0.01 

118 

V118W 

W 

<0.01 

118 

V118E 

E 

<0.01 

118 

V118R 

R 

0.069623 

118 

V118P 

P 

0.222399 

118 

V118D 

D 

0.40168 

118 

VI 181 

I 

0.545694 

118 

V118G 

G 

0.559239 

118 

V118S 

S 

0.815888 

118 

VH8A 

A 

0.852723 

118 

V118T 

T 

0.91759 

118 

V118M 

M 

0.933469 

118 

V118F 

F 

0.998467 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Pert". 
Ind. 

119 

L119G 

G 

<0.01 

119 

X x 

L119S 

s 

<0.01 

1 19 

117 

L119F 

F 

<0.01 

1 19 

1 17 

T 1 19R 

1-* X 1 71V 

R 

JA. 

<0.01 

119 

T 1 1 9P 

l-tx 17X 

p 

<n 01 

119 

T 1 19T 

JLsl 17 1 

T 

0 102922 

119 

1 17 

T 11 9N 

N 

0.113151 

119 

ii"y 

1 1 19V 

JLsl 17V 

V 

V 

0 150373 

110 

T 1 19W 

JLvI 1 7 W 

w 

w 

0 203313 

119 

T 1 19P 

L-/1 17Vv 

c 

v^ 

0 244106 

119 

1 17 

L119D 

l^f 1 1 71^ 


0 280381 

1 19 

L119E 

E 

0 322167 

119 

LI 191 

I 

0 427476 

119 

L119H 

H 

0 462912 

119 

L119Y 

Y 

0.556343 

120 

T120P 

P 

<0.01 

120 

T120H 

H 

0.498304 

120 

T120R 

R 

0.599376 

120 

T120A 

A 

0.663543 

120 

T120O 

0 

0.781096 

120 

T120C 

c 

0.924433 

121 

S121P 

p 

0.384623 

121 

S121R 

R 

0.701237 

121 

S121W 

W 

0.772781 

121 

S121K 

K 

0.77795 

121 

S121G 

G 

0.992545 

122 

A122G 

G 

<0.01 

122 

A122D 

D 

0.059137 

122 

A122F 

F 

0.148369 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Pert 
Ind. 

177 

1ZZ 

A 177H 

n 

l/« I \jy*rr D 

177 

1ZZ 

A 1 77T> 

Iv 

ft ^Q£ft41 

177 

122 

A 177Q 
Alzzo 

c* 
o 

ft 4*1 7^8 

1 70 
122 

A 177 V 

Alzzlv 

JV 

n A^ftifK 

too 

122 

A 1 7717 

A 12211 

T? 

ts 

ft 

U.40 / /OO 

too 
122 

A 1 OOT 

Alzzl 

,.1- 

a C7flA^A 
U.3ZU404 

122 

A122r 

n 

.T 


122 

A 1 07T 

A 1221 

r 
1 

VJ.04 /4U0 

too 
122 

A 177XT 

A12zl>l 

XT 

IN 

ft 70/1751,4. 

177 
lzz 

A 1770 

v.. 

ft 741 ^fc*7 

177 

lzz 

A 177W 
A12ZW 


ft 9/^77/;^ 

too 

IZz 

A 177 V 
A1ZZ V 

V 

ft R«/ttR7 

177 

lzz 

A 1 771V /f 
A JZZIV1 

IVl 


174 

124 

at ia\ 
vjiZ4i 

T 
i 

<-n fti 

174 
IZ4 

r^174W 
\jriZ4n 

n 

<o fti 

174 

IZ*T 


M 

<0 01 

124 

G124W 

W 

<0.01 

124 

G124P 

P 

<0.01 

124 

G124A 

A 

0.031196 

124 

G1240 

O 

0.208313 

124 

G124T 

T 

0.315233 

124 

G124V 

V 

0.329769 

124 

G124R 

R 

0.409769 

124 

G124L 

L 

0.536625 

124 

G124S 

S 

0.555215 

124 

G124Y 

Y 

0.559199 

124 

G124N 

N 

0.599171 

124 

G124D 

D 

0.63784 

124 

G124C 

C 

0.672179 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Perf. 
Ind* 

124 

/"II OAI7 

r 

ft OAftftftl 

125 

V125W 

W 

ft 7/K77 
U.Z4 jZ / 

125 

VI 25b 

TJ 

ft 71 
U.3oj1 /i 

125 

V125K 

K 

ft /IA<ft^7 
U.400U02 

125 

V125C 


A C/f 1 OOO 

U. 541228 

125 

V125D 

D 

A Cvl 111 O 

0,54131© 

125 

V125P 

P 

0.622352 

125 

V125F 

F 

0.627367 

125 

V125S 

S 

a *7aaaaq 
0.7y0yy» 

toe 

125 

T/1 OCV 

V125Y 

Y 

not? c 0/2 
O.ol3!>y3 

125 

1/1 OC A 

VI 25 A 

A 

A 

A AO C A/11 

IOC 

125 

\ri OCT 

VI 251 

1 

ft Oyll 17 A 

176 

G126I 

VJ 1 

T 

J. 

<U.U 1 U4Z034 

7441542 

176 

G126V 

v 

0 175001 

126 

G126Y 

Y 

0.234673 

126 

G126L 

L 

0.540613 

126 

G126A 

A 

0.552538 

126 

G126E 

E 

0.599533 

126 

G126P 

P 

0.673809 

126 

G126T 

T 

0.737666 

126 

G126R 

R 

0.761417 

126 

G126N 

N 

0.846727 

126 

G126S 

S 

0.902662 

126 

G126C 

c 

0.980807 

127 

T127L 

L 

<0.01 

127 

T127E 

E 

<0.01 

127 

T1270 

o 

0.151533 

127 

T127I 

I 

0.203586 
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Table 10-5. PAD Assay Results 


Table 10-5. PAD Assay Results 


Position 

WTYPoa 

i 

Mutatioi 

Vananl 

L PAD Perf. 
Ind. 

127 

T127H 

H 

0.60105 

127 

T127D 

D 

0.61747 

127 

T127M 

M 

0.639504 

127 

T127C 

C 

0.653314 

127 

T127V 

V 

0.683337 

127 

T127G 

G 

0.710564 

127 

T127P 

P 

0.773291 

127 

T127S 

S 

0.828003 

128 

T128D 

D 

0.662836 

129 

Y129W 

W 

<0.01 

129 

Y129G 

G 

<0.01 

129 

Y129K 

K 

<0.01 

129 

Y129V 

V 

<0.01 1 

129 

Y129T 

T 

0.138769 1 

129 

Y129A 

A 

0.173554 1 

129 

Y129R 

R 

0.178362 1 

129 

Y129M 

M 

0.211662 j 

129 

Y129D 

D 

0.228506 1 

129 

Y129L 

L 

0.270643 1 

129 

Y129N 

N 

0.530034 1 

129 

Y129P 

P 

0.588917 1 

129 

Y129C 

C 

0.610384 1 

129 

Y129S 

S 

0.692051 1 

129 

Y129F 

P 

0.713199 1 

146 

P146W 

W 

0.680806 1 

146 

P146T 

T 

0.756105 1 

146 

P146V 

V 

0.768041 1 

146 

P146S 

S 

0.956673 I 

148 

P1480 

O 

0.975963 1 


position 

^ WT/Posj 
Mutatioi 

t 

Variant 

PAT! P»rf 

Ind. 

1 149 

W149R 

R 

<0.01 

1 149 

W149E 

E 

<0.01 

1 149 

W149P 

P 

<0.01 

149 

W149C 

C 

0.1164 

1 149 

W149I 

I . 

0.235936 

1 149 

W149A 

A 

0.311848 

149 

W149S 

S 

0.329233 

1 149 

W1490 

o 

0.402387 

1 149 

W149T 

T 

0.440303 

1 149 

W149G 

G 

0.44856 

1 149 

W149M 

M 

0.494615 

1 149 

W149F 

F 

0.495779 

1 149 

W149L 

L 

0.637667 

149 

W149Y 

Y 

0.747652 

| 150 

F150P 

P 

0.31768 

1 150 

F150N 

N 

0.362798 

150 

F150G 

G 

0.458431 

1 150 

F150V 

V 

0.511676 

150 

F150A 

A 

0.539571 

150 

F150T 

T 

0.580879 

150 

F150W 

W 

0.622886 

150 

F150M 

M 

0.625886 

150 

F150E 

E 

0.727755 

150 

F150C 

C 

0.778063 

150 

F150I 

I 

0.78431 

150 

F150K 

K 

0.848249 

153 

I153N 

N 

0.890296 

154 

F154T 

T 

<0.01 

154 

F154D 

D 

<0.01 
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Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PADPerf. 
Ind* 

154 

F154E 

E 

<0.01 

154 

F154G 

G 

<0.01 

154 

X X w/~J_/ 

T 

X-t 

<n 01 

154 

F154P 

P 

<ooi 

154 

X X mJ*T T 

V 

<0 01 

154 

F154S 

X X J*TO 

c 

U.x-O f ISJ 1 

154 


n 

0 07^900 

194 

119453 

X X 7TU 

c 

<0 01 

194 

11 94 A 

A 


194 

T194C 

c 

<0 01 

194 

I194P 

P 

X 

<0 01 

194 

I194F 

F 

X 

<0 01 

194 

I194W 

w 

<0 01 

194 

I194R 

R 

<0 01 

194 

I194Y 

Y 

<0 01 

194 

I194G 

G 

0.044503 

194 

I194L 

L 

0.577811 

194 

11 94V 

V 

0.780569 

196 

F196H 

H 

<0.01 

196 

F196G 

G 

<0.01 

196 

F196S 

S 

<0.01 

196 

F1960 

O 

<0.01 

196 

F196A 

A 

<0.01 

196 

F196K 

K 

<0.01 

196 

F196N 

N 

<0.01 

196 

F196R 

R 

<0.01 

196 

F196W 

W 

0.38122 

196 

F196P 

P 

0.385754 

196 

F196V 

V 

0.675769 


Table 10-5. PAD Assay Results 

Position 

WT/Pos/ 
Mutation 

Variant 

PAD Pert". 
Ind. 

196 

F196M 

M 

0.709899 

196 

F196Y 

Y 

0.970105 
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The following Table provides variants that are better than wild-type at degrading 
peracids (i.e., the performance index for the variant is better than the wild-type). 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosTVar.PAD PI 


1 \ifAA1 T 
1 MUU11 

i.iy 

1 \Jtf\f\t T 

Oil 

2.11 

2A002D 

1.05 

2A002R 

1.17 

2A002W 

1.17 

2A002P 

1.17 

2A002Q 

129 

2A002E 

138 

3K003T 

1.03 

3K003S 

1.17 

3K003Q 

1.19 

3K003R 

1.29 

3K003Y 

139 

3K003M 

1.44 

3K003P 

1.45 

3K003C 

1.52 

3K003L 

1.84 

3K003H 

1.89 

3K003A 

2.14 

3K003I 

2.44 

3K003E 

3.51 

3K003G 

3.74 

4R004D 

1.18 

4R004C 

1.34 

4R004P 

1.44 

4R004A 

1.64 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar, PAD PI 


31005M • 

i Art 

1.09 

5100511 

1.59 

5I005L 

1.63 

5 1005 A 

1.88 

5I005C 

2.47 

5I005D 

3.11 

6L006C 

1.22 

6L006M 

1.44 

6L006A 

1.99 

7C007A 

1.03 

7C007H 

137 

7C007I 

1.48 

7C007E 

1.63 

7C007K 

2.95 

8F008M 

1.11 

8F008L 

1.31 

8F008A 

1.33 

8F008C 

4.01 

10D010L 

2.04 

13T013I 

1.05 

13T013E 

1.09 

13T013L 

1.47 

13T013M 

1.47 

13T013C 

1.55 

13T013A 

1.88 

13T013N 

2.61 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos7Var.PAD PI 


i ^ toi xp 

7 73 

i a wni 6ic 


kwai AT 

1 OA 

i <wni av 

10 WUIO I 

i no 

1 A WfH AT 
ID WUlOLr 

i ia 

I.iO 

1 / VU1 /o 

i.irt 

1 O T>A 1 OXT 

1 40 

1 © DAI Oi^\ 

1 OA 
J.Z0 

1 QDA1 OTJ 

ior^UloK 

Q oo 

1 OBA1 Op 

A 1A 

iOrUiO I 

d 17 
H. x / 

1 CT>A1 OA/ 


1 OI>A 1 OT7 


lorUlovj 

4 OA 

lorUlori 

a n^ 

1 QPA1 CT 

1 Af\ 
IJixJ 

on T?nonr* 


ZU JlSUZUO 

1 1R 

OA T7A1ATJ 

zUilUZUxi 

1 on 
i.ZU 

20E020T 

05 

20E020V 

07 

20E020A 

08 

20E020W 

1.30 

20E020N 

1.34 

20E020P 

1.43 

20E020Q 

1.56 

20E020C 

1.76 

21D021S 

1.11 

21D021E 

1.39 

21D021F 

1.41 

21 D021 W 

1.44 

21 D021L 

1.57 

21D021A 

1.75 

21D021G 

1.76 


Table 10-6. Variants with 
Peracid Degradation Greater 


Than Wfld-Type 


Pos. WT/Pos/Var. PAD PI 

21D021K 

1.80 

21D021Y 

2.01 

22G022I 

1.03 

72G022T 

1.16 

72 O077F 

1.19 

7700771 

1.35 

77O077P 

1 36 

77C5077O 

1 44 

77 0077 A 


73 A073H 

1 04 

73 AO^T 

1 30 

74P074P 

1 04 

74P074K 

1 36 

24PQ74L 

1 51 

26E026M 

1.10 

26E026H 

£*r\J i~t\J A^\J k. X 

1.19 

26E026D 

1.39 

26E026A 

1.45 

26E026K 

1 47 

26E026L 

1.71 

27R027I 

1.41 

27R027K 

1.55 

27R027L 

2.60 

27R027A 

2.78 

28F028E 

1.04 

28F028W 

1.17 

28F028C 

1.21 

28F028Y 

1.36 

28F028M 

1.37 

28F028A 

1.48 

28F028L 

2.02 

28F028D 

2.07 

29A029C 

1.15 

30P030H 

1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 


WT/PosyVar.PAD PI 

30P030G 

1.09 

30P030R 

1.14 

30P030L 

1.17 

30P030E 

1.24 

30P030Y 

1.31 

30P030I 

1.38 

30P030K 

1.39 

30P030S 

1.49 

30P030T 

1.64 

30P030V 

1.74 

31D031V 

1.08 

31D031T 

1.11 

31D031Q 

1.13 

31D031W 

1.14 

31D031G 

1.16 

31D031A 

1.18 

31D031S 

1.23 

31 D031F 

1.39 

31D031R 

1.49 

31D031N 

1.55 

31D031L 

1.61 

32V032S 

1.09 

32V032N 

1.61 

32V032W 

1.71 

32V032Q 

1.74 

32V032G 

2.65 


32V032M 3.41 

32V032I 3.51 

32V032A 3.64 

32V032E 3.92 

32V032D 4.19 

32V032L 4.72 

32V032K 4.73 

33R033S 1.01 


Table 10-6. Variants with 


Peracid Degradation Greater 


Than Wild-Type 


Pos. WIYPosJVar. PAD PI 

33R033N 

1.30 

33R033A 

1.32 

33R033C 

1.73 

33R033G 

2.63 

33R033K 

2.72 

33R033L 

2.90 

34W034P 

1.21 

34W034M 

\22 

34W034C 

1.49 

34W034A 

2.29 

35T035M 

2.72 

35T035A 

3.85 

35T035C 

4.72 

35T035I 

5.38 

35T035E 

5.73 

36G036C 

1.06 

36G036A 

1.07 

36G036H 

1.10 

36G036K 

1.71 

36G036I 

1.81 

36G036L 

2.49 

36G036D 

2.50 

37V037I 

1.04 

37V037L 

1.16 

37V037S 

1.49 

37V037N 

1.52 

37V037C 

1.63 

37V037A 

2.00 

37V037P 

2.10 

38L038V 

1.12 

39A039W 

1.02 

39A039Y 

1.13 

40Q040N 

1.00 

40Q040I 

1.10 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar.PADPI 
40Q040E 1.28 
40Q040R 1.48 
40Q040L 1.49 
40Q040D 1.59 
40Q040S i. 6 5 
40Q040T 1.81 
40Q040Y 2.02 
40Q040G 2.17 
40Q040W 2.59 
40Q040K 3.64 
41Q041G 1.09 
41Q041H 1.14 
41Q041R 1.27 
41Q041K 1.61 
41Q041L 1.92 

41Q041A 2.58 

42L042F 1.02 

42L042P 1.34 

42L042K 1.41 

42L042C 1.43 

43G043A 1.07 

43G043L 1.82 

43G043E 1.88 

44A044C 1.92 

45D045F 1.04 

46F046C 1.16 

46F046A 1.25 

46F046E 1.31 

46F046D 1.39 

46F046M 1.42 

46F046K 1.46 

46F046P 1.50 

46F046L 1.54 

47E047L 1.02 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosTVar. PAD PI 

47E047K 1.06 

47E047G i.io 

47E047I 1.15 

48V048Q 1J9 

48V048F 1.42 

48V048A 1.63 

48V048M 1.79 

48V048C 2.25 

48V048L 2.29 

48V048P 3.08 

49I049Y 1.02 

49I049M 1.02 

49I049L 1.03 

49I049O 1.12 

49I049K 1.26 

49I049A 1.87 

50E050P 1.02 

50E050M 1.04 

50E050G 1.11 

50E050D 1.22 

50E050A 1.23 

51E051T 1.17 

51E051M 1.20 

51E051D 128 

51 E051G 1.34 

51E051K 2.00 

5IE051A 2.72 

52G052W 2.47 

53L053H 1.70 

54S054N 1.29 

54S054P 1.30 

54S054A 1.41 

55A055N 1.05 

55A055K 1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 


55A055C 

1 lit 

1.26 

57T057S 

1.01 

57T057G 

1.05 

58T058L 

1. 12 

58T058H 

1.49 

59N059Q 

1.86 

59N059T 

5.63 

59N059S 

7.32 

59N059K 

8.21 

59N059E 

9.88 

59N059V 

9.97 

59N059G 

10.00 

59N059F 

10.23 

59N059A 

10.44 

59N059Y 

11.14 

59N059C 

11.23 

59N059D 

11.72 

59N059W 

12.80 

59N059L 

14.74 

60I060G 

1.04 

60I060V 

1.06 

60I060H 

1.07 

60I060Y 

• 1.19 

61D061P 

1.13 

61D061Q 

1.16 

61D061L 

1.20 

61D061G 

1.25 

61D061S 

1.35 

61D061R 

1.59 

61D061I 

1.66 

61 D061H 

1.67 

61D061K 

1.72 

63P063K 

1.02 

63P063V 

1.04 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 



1 fK 

63 rU63W 

1.1 1 

63P063O 

1.22 

63P063L 

1.23 

63P063T 

1.32 

64T064G 

1 AO 

1.08 

64T064M 

1.09 

64T064A 

1.20 

64T064L 

1.22 

66P066S 

1.02 

66 P066T 

1.10 

69N069D 

tit 
1.11 

69N069A 

1.13 

69N069Q 

1 14 

1.14 

69N069C 

1.20 

69N069L 

1 OA 

1.20 

69N069S 

1.42 

i£ A VIASAT 

69N069T 

1.43 

69N069H 

1.52 

69N069K 

1.59 

69N069V 

1.73 

69N069I 

1.75 

70G070L 

1.01 

70G070A 

1.41 

70G070H 

1.90 

71A071K 

1.01 

71A071M 

1.11 

72S072F 

1.15 

72S072G 

1.76 

72S072M 

2.13 

72S072C 

2.18 

72S072H 

2.48 

72S072N 

2.85 

72S072A 

3.52 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var. PAD PI 


73Y073M 

1.13 

73Y073C 

1.20 

73Y073A 

1. 40 

74L074F 

1. 13 

74L074M 

1.21 

74L074A 

2.90 

75P075E 

1.19 

75P075L 

1.19 

75P075W 

1.31 

75P075Y 

1.32 

75P075V 

1.39 

75P075C 

1.42 

75P075D 

2.09 

76S076C 

1.06 

76S076T 

1.11 

76S076A 

1.11 

76S076H 

1.11 

76S076P 

1.20 

76S076V 

1.35 

76S076K 

1.53 

76S076M 

1.61 

76S076D 

1.94 

76S076E 

2.09 

76S076G 

2.15 

76S076L 

4.70 

77C077T 

1.03 

77C077D 

1.05 

78L078T 

1.10 

78L078I 

1.11 

78L078G 

1.38 

78L078H 

1.57 

80T080V 

1.01 

80T080Q 

1.07 

80T080A 

1.11 


Table 10-6* Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pas. WT/PosyVar.PAD PI 


OA TAO A/** 

80T080C 

tic 

1.15 

80T080S 

1.40 

80T080G 

1.50 

81H081N 

1.00 

81H081L 

1.03 

81H081W 

1.09 

81H081C 

1.09 

81H081A 

1.45 

81H081M 

1.54 

82L082M 

1.06 

83P083C 

1.01 

83P083R 

1.09 

83P083N 

1.10 

83P083K 

1.16 

83P083E 

1.26 

83P083M 

1.88 

83P083A 

2.36 

84L084F 

1.01 

84L084G 

1.01 

85D085R 

1.03 

85D085A 

1.09 

85D085H 

1.24 

85D085E 

1.25 

85D085C 

1.50 

85D085G 

1.60 

85D085F 

1.98 

86L086C 

2.44 

86L086A 

3.32 

87V087P 

1.64 

87V087C 

2.22 

87V087L 

4.30 

88I088M 

1.09 

88I088P 

3.51 

89I089L 

1.22 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 


89I089A 

1.83 

89I089P 

1.91 

90M090C 

1.09 

90M090E 

1.15 

90M090A 

1.41 

90M090D 

2.88 

91L091I 

1.05 

91L091C 

1.27 

91L091A 

1.45 

91L091D 

1.47 

92G092C 

2.05 

93T093A 

1.05 

96T096F 

1.24 

96T096G 

1.28 

96T096L 

1.93 

96T096M 

2.53 

96T096C 

3.76 

96T096A 

4.20 

98A098Y 

1.15 

98A098P 

1.26 

98A098N 

1.40 

98A098C 

1.42 

98A098L 

1.47 

98A098D 

2.19 

100F100C 

1.28 

100F100T 

1.42 

100F100N 

1.45 

100F100A 

2.02 

100F100M 

2.19 

101 R101L 

1.12 

102R102Q 

1.19 

102R102Y 

1.29 

102R102L 

1.64 

102R102A 

1.79 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos JVar. PAD PI 


104P104V 

1.02 

104P104H 

1.03 

104P104N 

1.44 

104P104C 

1.83 

104P104E 

1.97 

104P104I 

2.05 

104P104M 

2.24 

105L105Q 

1.04 

105L105H 

1.23 

105L105R 

1.25 

105L105G 

1.40 

105L105W 

1.71 

105L105F 

1.73 

105L105C 

1.92 

106D106S 

1.02 

106D106W 

1.07 

106D106E 

1.09 

106D106C 

1.10 

106D106A 

1.13 

106D106H 

1.18 

106D106K 

1,24 

106D106T 

1.38 

106D106F 

1.45 

106D106G 

1.45 

106D106V 

1.68 

107I107L 

1.04 

107I107S 

1.33 

107I107C 

1.41 

107I107T 

1.53 

108A108S 

1.00 

108A108G 

1.13 

108A108L 

2.56 

108A108K 

2.97 

110G110A 

1.01 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than WOd-Type 
Pos. WT/Pos/Var. PAD PI 


110011 on 

1 40 

i inni iftp 

1 41 

l.*t3 

i inrn inr? 

1 7A 
1. /O 

i lftfii i at? 

O 00 

z.zy 

ill \ai 1 1 r* 

111 iVll 1 iv^. 

i m 

1.U1 

111 1 1 A 
1 1 1 IVll 1 iJ\ 

i ao 
l.OZ 

111 Ml 1 1T 
111 IVll 111 

1 ai 

1.U3 

111 X/T1 11V 
111 IVll 111 

1 HA 

l.UO 

111 \/l 1 1 1 w 
111 IVll I 1 W 

1 Ol 
1.Z3 

111 \A 1 1 1XT 
ill JV11 1 1IN 

1.31 

1 10 Q1 19T 

i aa 
1.00 

117^1 1?F 

1 1A 

l.lO 

llj VI l^iVl 

i aa 
l.UO 

1 1 i vi nn 

1 1 J V 1 1 3V{ 

ill 
l.ll 

1 11 VI 1 TO 
1 1j V 1 1.31V 

ill 
l.ll 

1 1 1 VI 1TO 

1 13 V 1 1 3 A 

1 \A 
1 AH 

1 1 1 V1 1 TM 
113 V 1 1 3 IN 

1 90 
l.ZZ 

1 13 VI 11 A 

1 11 
1 .3 1 

1 1 A T 11 AT 

i a< 

1.U3 

114L114A 

1.07 

114L114G 

1.14 

114L114C 

1.14 

114L114I 

1.17 

114L114M 

1.28 

115V115C 

1.08 

115V115S 

1.14 

115V115Q 

1.15 

115V115A 

1.19 

115V115T 

1.28 

115V115L 

130 

115V115M 

1.32 

115V115R 

1.63 

115V115F 

1.69 

115V115G 

1.76 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 


WT/Pos7Var.PADPI 

115V115Y 

207 

115V115D 

9 01 

1 1^ V1 1 
113 V 1 1 Dr 

O Ol 
Z.Z1 

1 1 5 VI 1 
113 V113W 

O 4ft 

1 1AT1 1 AW 
HO 111 OA N 

i a*c 

1.U3 

1 iU X 1 IVrVv 

i 

1.1/3 

1 1 ATI 1 AW 
1 lO 1 1 ion 

1 HQ 

l.Uo 

1 1 AT1 1 ATivf 
1 lO 1 1 lOiVl 

1 1A 

1 1 7f"*1 1 7T? 

11/ v£ 1 1 /-r 

1 AO 

l.UZ 

I 1 0^M 1 TD 

I I / V£l 1 /K 

1.03 

1 17 I'M ITT 
11/ y 1 1 / 1 

1 1 A 
1.10 

I 1*7 r*i 1 711 

II /V£l 1 fti 

1 1 1 

1.12 

1 1 7A1 17V 
1 1 /V£l 1 / I 

1.13 

1 1701 17P 
11/ V^l 1 /jT 

111 
1.13 

1 1701 17P 
11/ V^l 1 / H 

1 Ol 
1.Z1 

1 1701 17A 

11/ \£l 1 / A 

1 71 
1./3 

11701 1 7M 
11 / v^ii / ivi 

1 RO 

1 18V1 1RT 

1 lO V 1 lOJL* 

1 A^ 

118V118C 

1 14 

118V118Y 

1.34 

118V118Q 

1.50 

119L119A 

1.02 

120T120V 

1.07 

120T120S 

1.07 

120T120K 

1.09 

120T120M 

1.22 

120T120L 

1.26 

120T120N 

1.42 

120T120E 

1.53 

120T120I 

1.56 

120T120Y 

1.61 

121S121E 

1.04 

121S121N 

1.06 

121S121Q 

1.09 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 


111 0101T 

121 5>121 1 

1 9£ 
1 «ZO 

lot PI AIT 

121 S121L 

1 AQ 

l.ny 

121 S121A 


121S121V 


121 S121C 

1.04 

122A122L 

l.UZ 

123G123K 

1 11 

1.12 

123 Gl 23 A 

1 in 

l.ly 

123 0123 Y 

1 OA 

123G123M 

1.38 

123G123L 

1.38 

123G123W 

1.39 

125V125G 

1.09 

126G126M 

1 IT 
1.1 / 

126G126D 

1.ZZ 

127T127A 

1.1U 

128 T 128M 

1.U0 

t AO TM OOT T 

128T128H 

1 AQ 
l.Uo 

128T128V 

1.15 

128T128P 

1.16 

128T128W 

1.23 

128T128S 

1.27 

128T128A 

1.31 

128T128Q 

1.34 

128T128N 

1.36 

128T128K 

1.57 

128T128R 

1.70 

128T128F 

1.71 

128T128L 

1.72 

128T128Y 

1.81 

131A131R 

1.04 

132P132N 

1.05 

132P132L 

2.24 

132P132E 

3.02 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wad-Type 
Pos. WT/PosJVar. PAD PI 


132P132Y 

4.78 

1T7P132G 

4.98 

1^?P1^?S 

5.05 


5.68 

iT)PiT?A 

6.08 


6 15 

I j j r^kjj I 

1 44 
i* it 


1 92 

i'xa vi ^r* 

V ljfU 

1 37 

1 V 1 J*tVJ 

1 42 

ij*t V IjHo 

1 44 

1"*4V1^4T 

1 45 

Ij*r V I J*r/Y 

1 64 

1^4V1^4P 

1.71 

1*34 VI **4M 

1.89 

1^4V1^4N 

2.80 

135D 

2.90 

116V136T 

1.13 

l'i/iVI'2/iT 

lJU V lOUJLs 

1 13 

136V136C 

123 

136V136A 

1.60 

137V137M 

1.13 

137V137L 

1.27 

137V137C 

1.42 

137V137A 

1.46 

138S138G 

1.11 

138S138C 

1.18 

138S138A 

1.28 

138S138N 

1.31 

138S138P 

1.39 

140P140C 

1.07 

140P140A 

1.83 

140P140H 

2.25 

140P140F 

2.89 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var.PADPI 



3 11 

1A1 P141 A 
141 rHIA 

1 Oft 

1 A*X A 1 A1C* 
143 A143L, 

1 07 

1 *o A | All* 
143 A1431S 


143 A143U 

1 77 

1A1 A 1 AIT 

143 A 143 JL 

1 7ft 

143 A 143x1 

1 i*; 

1/11 A 

143 A143K 

1.3 / 

tAAT>1AA\Jf 
144r 144M 

1 ni 

1.U1 

tAA T>1 ylyfTj 

144r I44r 

1 no 

1 /t/f Ol AAC\ 

144r 144vJ 

l.UO 

t AA D1 yf/IV 

144r 144JV 

i no 

1/1/1 D1 /MD 

144rl44K 

1,14 

1AAWAA1 

1 IS 

lAA'O'i AAT\ 
144r 144U 

1 1ft 

1 JO 

1 AADIAAhJ 
144r 144IN 

1 AO 

AAA PI A All 
1 44 r 144x1 

1 AO 

\AAX>\AAST 
144i 1441 

1 .0 J 

14orl4oN 

i nn 

146P146G 

1.04 

146P146R 

1.06 

146P146M 

123 

146P146A 

1.36 

146P146Y 

1.44 

146P146F 

1.53 

146P146H 

1.57 

146P146C 

1.69 

146P146L 

2.00 

147H147Q 

1.03 

147H147W 

1.05 

147H147K 

1.06 

147H147E 

1.10 

147H147Y 

1.12 

147H147C 

1.17 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos JVar. PAD PI 


147H147D 

A V M AAA ¥ # A»^ 

1.18 

147H147P 

L21 

147H147N 

1.25 

147H147L 

1.29 

147H147M 

1.44 

14RP14RV 

1.04 

148P148A 

A ■ A A i A 

1.06 

148P148T 

1.09 

148P148E 

1.19 

148P148G 

L20 

148P148S 

1.21 

148P148R 

X~V X 1 ■ VJJiV 

1.25 

148P148K 

1.30 

148P148D 

1.34 

148P148Y 

1.37 

148P148L 

1.39 

148P148F 

1.50 

149W149H 

1.01 

1 J v F 1 Jv 1 

1 07 

X .V/ / 

150F150H 

1.18 

150F150L 

1.30 

151Q151P 

1.91 

151Q151E 

2.07 

151Q151K 

2.19 

151Q151H 

2.19 

151Q151S 

2.25 

151Q151R 

2.32 

151Q151T 

2.37 

151Q151C 

2.55 

151Q151Y 

2.75 

151Q151D 

2.81 

151Q151A 

2.93 

151Q151M 

6.36 

152L152M 

1.10 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVanPADPI 


KOT1 ZJC 

L14 

1 jZ 1^1 JZI1 

1 23 

1 CO T 1 ^9 A 

1 90 

X .^7 

1 <9 T 1 ^OV 

1 37 

X.J / 

1 CO T 1 <I9\W 

i.jj 

1 CO T1 COA7 

1531153V 

1 1^ 

i CO T1 CO A 

153 11 53 A 

1 AO 

1 CO ¥1 COT 

1531153L, 


1 CO It COT* 

15311531 

1 A9 
l.OZ 

i CO T1 CO C 

1531153S> 

1 

1 CO T1 COT? 

153I153F 

l./J 

* CO T1 COT) 

153I153P 

1 Q9 

1 CO T1 C1U 

1531153ri 

z.uu 

1 CO ¥1 

1531153K 


I54rl54Y 


1 CCX71 CCC 

155ilx55o 


1 CC CI CC/T1 

155iSl 55vJ 

1 19 
I.1Z 

1 CCTJ1 CCT 

155lix3l>x 

1 10 

1 CCT71 CCT"\ 

155E155D 

1 94 
I,Z*f 

155E155K 

1.33 

155E155N 

1.79 

155E155L 

2.07 

155E155A 

2.59 

155E155P 

2.60 

155E155Y 

2.65 

155E155M 

2.91 

156G156S 

1.04 

156G156K 

l.ll 

156G156E 

1.14 

156G156R 

1.21 

156G156A 

1.21 

156G156P 

1.29 

156G156C 

1.37 

156G156N 

1.38 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosiVar.PADPI 


156G156H 

1.40 

156G156T 

1.40 

156G156T 

1.53 

156G156M 

1.62 

156G156D 

1.62 

157G157I 

1.33 

X J f \J X J 1 x 

1.42 

i<7Gl 57K 

X J / VJ X J / XV. 

1.47 

157G157H 

1.57 

158E158H 

1.01 

158E158P 

X JO X_r X JOl 

1.19 

X JO XiX JOV^ 

1.24 

158E158S 

1.27 

158E158A 

x J o x-» x j uxi 

1.28 

158E158R 

1.29 

1 58 El 58 W 

X JOX«sX JU IT 

1.31 

158E158C 

X JO .1— * X »/UV/ 

137 

158E158N 

1.58 

158E158M 

X JO X-* X JUlrl 

1.73 

158E158F 

1.77 

158E158K 

1.88 

158E158L 

1.96 

158E158Y 

2.48 

159Q159H 

1.48 

160K160N 

1.12 

160K160A 

1.14 

160K160R 

1.15 

160K160D 

1.19 

160K160C 

1.29 

160K160Q 

1.41 

160K160M 

1.47 

160K160P 

1.66 

161T161L 

1.16 

161T161V 

1.24 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var. PAD PI 


161T161Q 

1.50 

161T161M 

1.72 

161T161Y 

X \J X A XVX A 

2 62 

162T162R 

1-23 

162T162G 

1 89 

169T169*? 


169T16.9W 

1 OZ 1 1 OZ W 


1A9T1/59T 

XOZ 1 XOZx 

9 91 

1 69 T1 f*)CS 

lOZ 1 XOZv^ 

9 4S 

Z.*rj 

162T162Y 

2 89 

1f»9T1fi9K 

XOZr X XOZXV 

3 13 

J, A J 

1 f>9 T1 69F 
xoz i iu^r 

3 93 

169T1f»9M 

3 40 

16.9T1 fDC 

A\JJ* A A\JXJ\-* 

3 S7 

X V/X. X X l/AL/ 

3 SO 

1 62 T 1 69N 

3 84 

169T169H 

1 \J£* X 1 UXX 1 

3 01 

•J-7 1 

162T162P 

X Ui!. X X UAiI 

4 37 

F1 ATM 
1 Oj C 1 O JlN 

1 oo 

163E163C 

1.08 

163E163D 

1.08 

163E163A 

1.79 

163E163Y 

1.89 

163E163L 

1.94 

164L164Q 

1.01 

164L164V 

1.02 

164L164S 

1.11 

164L164M 

126 

164L164N 

1.31 

164L164R 

1.61 

164L164P 

2.41 

165A165G 

1.07 

165A165V 

1.13 

165A165N 

1.20 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 


165A165R 

1 29 

165A1650 

1 32 

165A165T 

x v/w' n x x 

1 39 

16S A16.SP 

1 34 

1 fiS A 1 fiSP 

1 49 

x .t-z 

IAS AlfiST 

1 SS 

1 Oj /\ 1 O jiVx 


1 O J A I OJU 

1 AO 

1.07 

lOOlviOO w 

1 OS 

x oo IV i oof 

1 in 

166R166K 

1 W XV X VaFJV 

1 20 

XOOivXOOlN 

1 91 

1 OO XV 1 OO I 

1 99 
X .zz 

X OO XvX OOIVX 

1 90 

X OO xVx OOl 

1 30 

X J7 

i v v xv x \j\jA 

1 SO 

166R166I 

X UUlvlWUlj 

1 SO 

I .JO 

166R166A 

X W\J XV X VJVJ./*. 

1 51 

X • J X 

XOOxvXOOlV 

1 « 

166R166H 

1.56 

167V167I 

1.00 

167V167S 

1.86 

167V167H 

2.11 

167V167Y 

2.15 

167V167R 

2.25 

167V167Q 

2.41 

167V167T 

2.47 

167V167L 

2.56 

167V167G 

2.83 

167V167M 

3.84 

167V167A 

4.99 

167V167C 

5.37 

167V167D 

5.54 

167V167P 

6.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 


168Y168F 

5.17 

168Y168L 

5.39 

169S169Y 

1.10 

169S169A 

1.13 

169S169R 

1.19 

169S169K 

1.27 

169S1690 

1.37 

169S169C 

1.38 

169S169M 

X \Js tj X \/^XVX 

1.40 

169S169L 

1.47 

169 SI 691 

1.53 

170A170C 

X / vil X / 

1.06 

170A170E 

1.17 

170A170F 

1.17 

170A170N 

X # Vr Xk X / VfX ^ 

1.17 

170A170M 

X I \J XV X / VITA 

128 

170A170D 

1.32 

170A170P 

1.33 

171L171H 

X / X XvX # XXX 

1.07 

171L171G 

1.33 

171L171Y 

1.35 

171L171T 

1.36 

171L171V 

1.39 

171L171I 

1.42 

171L171K 

1.53 

171L171A 

1.66 

171L171C 

1.73 

171L171S 

1.76 

171L171Q 

1.93 

171L171F 

1.97 

171L171M 

222 

171L171N 

2.79 

172A172M 

1.06 

172A172L 

1.22 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PAD PI 


172A172D 

1.42 

172A172Y 

1.76 

173S173T 

129 

173S173H 

1.49 

173S173I 

2.22 

173S173F 

2.30 

173S173R 

2.47 

173S173V 

2.54 

173S173E 

2.65 

173S173P 

2.66 

173S173A 

2.72 

173S173M 

3.01 

173S173K 

3.01 

173S173C 

3.07 

173S173Y 

3.54 

173S173W 

3.67 

173S173L 

3.86 

174F174H 

1.05 

174F174K 

1.17 

174F174P 

1.46 

174F174Y 

1.66 

174F174L 

1.83 

174F174A 

2.09 

174F174M 

2.20 

175M175N 

1.02 

175M175E 

1.43 

176K176C 

1.01 

176K176R 

1.03 

176K176E 

1.08 

176K176W 

1.16 

176K176D 

1.18 

176K176A 

1.19 

176K176F 

1.28 

176K176V 

1.33 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar. PAD PI 


176K176M 

1 33 

X —J J 

x / o x a / orv. 

1 70 

1 * / V 

17RP17RT 
i / on / oi 

7 7R 

17RP17RV 
l /on / o v 

7 70 
z. i\j 

178P17Rn 
l/on/ ovj 

7 

z.yj 

178 PI 78Q 
i /on / oo 

oa 

178P1 78fi 
1 /ox I / oVrJ 


178 PI 781Vyl 

l /or I /oJVi 

1 £7 

J.O/ 

1 78 PI 781? 
1 /or 1 /oc 


nopi 70A 

1 /oJrl /O/V 

4 lO 

178P17Rn 
1 tori /oU 

\}J¥\ 

1 78 PI 7fiV 
I /orl/ol 

A 01 

o.yi 

178P178T 
1 fori /oL 

71c 

i70T?i7Gn 

1.10 

17QP170V 

i /yr i /y v 

1 17 
I.I / 

17QP170V 

i /yri /yi 

1 47 

1 70 F1 70P 
i /y n /yc 

1 80 

1 .Ov 

170F17QT 
i / y n / y Lf 

1 80 
x .oy 

JoUrloUW 

1 01 

180F180C 

1.94 

180F180I 

2.11 

180F180L 

2.13 

180F180A 

2.70 

180F180Y 

2.99 

180F180N 

3.05 

180F180V 

3.24 

180F18OM 

4.36 

181D181A 

123 

183G183P 

1.02 

183G183R 

1.09 

183G183Y 

1.45 

183G183L 

1.50 

183G183C 

1.99 

184S184Y 

1.09 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar.PAD PI 


184S1840 

1 16 

1 • XV 

1 0*f t3 1 0*TX 

1 71 

l 0*T O 1 0*T V 

1 7S 

1 o*t 0 1 o*rr 

1 97 
1 .z/ 

1 84 ^! 1 9A\C 

1 0*T 0 1 0*Tl\. 

1 A1 

1 84 Q1 84. A 

1 O** 0 1 OHf\ 

1 AO 

i.oy 

1 84 Q 1 841V /f 

1 77 
1./ / 

1 84 Q 1 84P 

1 8A 
l.oO 

1 ft A C 1 8/tXJ 


1 $14 C 1 84T 

7 nn 

1 84 Q1 %AV% 
1 o*r O I oHU 

7 74 

Z.Z*t 

1 0** a 1 0*tKs 

7 10 
zoy 

18^ V18^F 

1 70 

1.ZU 

I oj V I Ojy 

1 41 
1.41 

1 8^ V18^Xyf 
1 0 J V 1 oOIVl 

1 4A 

1 RATI 8 AT 

1 14 
x.xt 

1 RATI RAM 

1 ^R 
I.JO 

1RAT1RAA 

1 70 
i. /y 

1 8AT1 6ATI 

4 70 

187S187K 

1.16 

187S187D 

1.40 

187S187G 

1.46 

187S187L 

1.46 

187S187H 

1.51 

187S187I 

1.58 

187S187N 

1.59 

187S187C 

1.67 

187S187A 

1.72 

187S187M 

1 87 

188T188N 

1.69 

188T188E 

1.97 

189D189A 

1.18 

189D189T 

121 

189D189I 

1.27 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar.PAD PI 


189D189L 

130 

190G190C 

1.17 

190G190Y 

1.39 

190G190P 

1.86 

190G190D 

2.02 

190G190H 

2.92 

190G190A 

3.42 

190G190M 

5.54 

191V191T 

1.03 

191 V191R 

1.91 

191 V191K 

2.17 

191 V191F 

2.75 

191V191C 

2.81 

191V191Y 

4.34 

191V191L 

4.69 

191V191A 

5.06 

191V191E 

5.46 

191V191Q 

5.83 

191 V191D 

6.03 

191V191M 

7.34 

193G193S 

1.60 

193G193E 

3.15 

193G193Q 

4.29 

193G193V 

5.21 

195H195P 

1.16 

195H195M 

1.28 

195H195K 

1.33 

195H195Y 

1.49 

195H195E 

1.70 

195H195D 

1.93 

196F196I 

1.12 

196F196L 

1.17 

196F196C 

1.18 

197T197H 

1.24 


Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos7Var. PAD PI 


197T197A 

1.42 

197T197M 

2 38 

198E198T 

1 16 

198E198S 

1 18 

198E198F 


198 El 98V 

1 44 

I .Tt 

198F19RO 

1 .70 i_> J. 70y 

1 46 

10RF10RA 


10RF10KT 

1701/1701 

1 4ft 
l.*ro 

108F10KT 

1 ^4 

1Q8F10RN 

1 70 d A 

1 A7 

10RF10RP 

1 70 JJr 1 701 


198E198Y 

170JL170 J. 

1 77 

198E198W 

171) JL# k Zrtj TT 

1 751 
1. / o 

198E198C 


198E198M 

1 

198E198R 

1 88 

199A199F 

1 15 

1 00 A 1 QQR 

1 1^ 

199A199R 

1.17 

199A199T 

1.22 

199A199E 

1.31 

199A199D 

133 

199A199V 

1.45 

199A199K 

1.53 

199A199Y 

1.59 

199A199L 

1.65 

199A199C 

2.45 

201N201D 

1.64 

202R202M 

1.76 

202R202G 

1.82 

202R202S 

1.84 

202R202C 

1.93 

202R202A 

1.97 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 


2Q2R202I 

1.99 

202R202E 

2 05 

202R202L 

2 05 

707R909T 

z.uo 

202R202H 

2.09 

202R202F 

2.16 

202R202W 

2.52 

203D203Q 

1.03 

203D203S 

1.13 

203D203I 

1.19 

203D203N 

1.28 

203D203G 

1.33 

203D203F 

1.34 

203D203H 

1.54 

203D203P 

1.71 

203D203R 

1.77 

203D203A 

1.96 

203 D203L 

2.08 

203D203C 

2.09 


The following Table provides variants that exhibited peracid degradation that was 
less than wild-type. 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 


1M001V 0.94 

2A002Y 0.46 

2A002N 0.59 

2A002V 0.60 

2A002I 0.61 

2A002T 0.61 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar.PAD PI 


2A002S 0.66 

2A002G 0.84 

2A002F 0.93 

3K003V 0.84 

4R004L 0.01 

4R004V 0.08 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var.PADPI 



0 15 

/IT? AAA W 

OAR 

4IvUU4VJ 

a 70 

*fJvUU*tO 

a oi 

4KUU4I1 

a 07 

4KUU4Y 

n oft 

4KUU4xl 

A oo 



4RU04I 

I.UU 

C TAACP 

A A1 
U.UI 

DxUUjIN 

A A1 
U.UI 


A A1 

CTAACD 

A A1 

> lUlOr 

U.I 3 


A 17 


A 

U.OJ 

c inner 

A 77 
U. /Z 


A 07 

oLOOoS 

n ni 
U.UI 

6L006K 

0.01 

6L006G 

0.01 

6L006H 

0.01 

6L006R 

0.01 

6L006W 

0.01 

6L006E 

0.01 

6L006Q 

0.01 

6L006V 

0.35 

6L006T 

0.35 

6L006I 

0.82 

7C007S 

0.01 

7C007R 

0.01 

7C007Y 

0.54 

7C007M 

0.68 

7C007G 

0.69 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 


8F008S 

0.01 

8F008R 

%J X vVV/lV 

0.46 


0.64 

o rwovj 

0.65 

RFOORT 
o ruuo x 

0 77 

ft FA ARK" 

O F UVJOxV 

0 83 

ftFAARP 

O JTC 

RFAARV 

O RS 

RFAARV 
oJTUUo I 


oruuoiN 

0 06 

OHAAQH 

OOI 

OHAAOT 

O 01 

IAFjAI AW 

0 01 

1AHA1 (\K 

0 01 

1 A DAI AV 

0 01 


0.01 

1AD010T 

1 V i-ZV/ J. yjx 

0.01 

10D010V 

X \/ XWX V V 

0.01 

10D010S 

0.01 

10D010G 

0.01 

10D010R 

0.01 

10D010A 

0.01 

10D010M 

0.01 

10D010N 

0.01 

10D010P 

0.01 

10D010E 

0.15 

11 S01 IT 

0.01 

11 S01 IV 

0.01 

11 S01 ID 

0.01 

11 S01 IE 

0.01 

11 S01 IF 

0.01 

11S011G 

0.01 

11 SOUL 

0.01 

11S011Q 

0.01 
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Less than Wild-Type 


Pos WT/Pos./Var. PAD PI 

11S011R 

0.01 

11S011H 

033 

11 SOI IK 

0.40 

11 SOU A 

X X wv i lil 

0.53 

11 SOI 11 

X X UV X X X 

0.56 

12L012V 

0.01 


0.01 

12I012G 

0.01 


0.01 

17T 019D 

X ±j\J 1 A<X/ 

001 

i?T JH2P 

0 01 

12Ti)12W 

x ^ Xv\y x v v 

002 


0 06 

12L012A 

0.07 

12L012K 

X £f x_/v/ X X>1V 

0.13 

12L012H 

0.16 

12L012F 

0.17 

12L012O 

X ■£* X-/V/ A 

0.22 

1 Z. J-A/ 1 

022 

12L012N 

0.66 

13T013Q 

0.51 

13T013V 

0.63 

13T013S 

0.68 

13T013G 

0.77 

14W014I 

0.01 

14W014S 

0.01 

14W014G 

0.01 

14W014K 

0.01 

14W014V 

0.01 

14W014L 

0.01 

14W014T 

0.01 

14W014R 

0.01 

14W014N 

0.01 

14W014P 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 


14W014E 

0.15 

14W014F 

0.22 

14W014A 

0.27 

14W014Y 

0.66 

15G015C 

0.01 

15G015N 

0.01 

1 5 G01 SD 

X J \J\J 1 -Jl-J 

0.01 

1 UvlJl> 

0 01 

1SG015P 

0.01 


0.61 

1 5 G0 1 55? 

0 63 

16W016S 

0 01 

16W016G 

X W VT V X UVJ 

0.01 

16W016H 

X \J VT V/ 1 vl X 

0.01 

XV if Vlvl 

0.01 

16W016R 

0.01 

16W016N 

X V If VI \t X ™ 

0.01 

16W016P 

0.15 

16W016O 

X v VT Vlvy 

0 31 

16W016M 

0.37 

16W016A 

0.55 

16W016D 

0.57 

16W016E 

0.65 

16W016V 

0.88 

17V017A 

0.68 

17V017E 

0.75 

17V017G 

0.84 

17V017K 

0.84 

17V017F 

0.85 

17V017T 

0.86 

17V017Y 

0.88 

17V017R 

0.94 

17V017P 

0.96 

17V017I 

0.99 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WMWVar.PADPI 

1 / YU1 AL 

1 ATI 

1 Q DAI QC 

loPOloo 

A A*7 
O.U/ 

1 ATfAl AT* 

19 V019P 

A A1 
0.01 

19 V019M 

A 1A 

0.12 

1 a ~\ Tt\ i at> 

19V019R 

A 1 A 

0.34 

•t A i rft t a^"* 

19V019Q 

ft A ft 

0.40 

1 ft 1 7ft "1 ft A 

19V019A 

0.55 

i ft i ft /*"» 

19V019G 

ft ^ ^ 
0.56 

19V019S 

0.57 

* ft T r/\ 1 ftT~» 

19V019E 

0.62 

* ft ^ 7ft i ATr 

19V019Y 

0.70 

19V019D 

/\ Tft 
0.79 

19 V019L 

A A1 

0.91 

* ft 1 7ft t ft V 

19V019K 

ft ftT 

0.97 

ft ft T? ftft AT 

20E020L 

ft HI 

0.73 

ft A "UAft A/™» 

20E020G 

ft io 

0.78 

ft 1 T"VAft 1 T» 

21D021P 

0.86 

22 U022K 

ft rv-i 
0.01 

ZZ KjVZZ w 

A 

22G022R 

0.56 

22G022V 

0.85 

22G022S 

0.98 

23A023R 

0.28 

23A023S 

0.34 

23A023G 

0.35 

23A023F 

0.44 

23A023V 

0.60 

23A023Q 

0.73 

23A023P 

0.73 

23A023W 

0.80 

23A023M 

0.95 

23A023Y 

0.96 

24P024S 

0.61 

24P024Q 

0.65 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var. PAD PI 

OA 1> AO/TP 

A 4££ 
U.OO 

OA T>flO A A 

A 4CO 
0.68 

24P0Z4O 

ft **JT 

0.76 

ft /I ftftft /4T 

24P0241 

ft or 

0.85 

ft >t T>Aft jtn 

24P024R 

/\ ft * 
0.91 

ft y* TkftftylTjr 

24P024H 

ft AT 

0.97 

ft c Tw\ft rn 

25T025P 

ft ft -f 
0.01 

ft Aft f T T 

25T025H 

0.01 

ft C T*ftft C~X 

25T025L 

0.01 

ft e T*ftft ri» 

25T025R 

0.01 

25T025M 

ft ft * 

0.01 

ft C T^ftft CT^ 

25T025E 

ft ft -f 

0.01 

ftC ivwrn 

25T025D 

ft ft 1 

0.01 

25T025K 

ft 1 *» 

0.13 

ft C TW»C\X7 

25T025W 

0.14 

ft C T»Aft CI 

25 T025I 

0.35 

ft C T*/V> C/""* 

25 1 025Cj 

0.43 

25 1 0Z3O 

A CI 

ft r" *¥V\ft F 

25T025V 

ft e t 

0.51 

25T025S 

0.58 

25T025A 

0.86 

26E026S 

0.28 

26E026T 

0.40 

26E026W 

0.47 

26E026N 

0.48 

26E026R 

0.81 

26E026G 

0.87 

26E026C 

0.94 

26E026V 

0.97 

26E026P 

0.99 

27R027W 

0.01 

27R027T 

0.01 

27R027P 

0.48 

27R027C 

0.58 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar. PAD PI 

27RQ27S 

0.69 

27R027G 

084 

27R027E 


27R027V 

0 94 

9R F09RO 

0 01 

28F028P 

0 39 

9RF09RV 

O ^1 

9R F09RQ 

O 70 
V. /u 

70 A090V 

O 44 

90 A090T 
zy /\uzy i 

O d.7 

90 A 090^ 

0 

IS* J J 

90 A 090V 

0 SO 

u.jy 

90 A090P 

zy Auzyr 

O £9 

29A029R 

0 73 

90 A090W 
^*y rW/^y w 

O 74 

90 AO90M 

^y /WPZyiVA 

0 77 
v. / / 

90 A 09 on 

0 RO 

90 A090F 

0 84 

70 Afi7on 
zy /wzyiy 

I.UU 

30P030M 

0.79 

30P030Q 

0.91 

30P030A 

0.92 

31D031E 

0.88 

32V032P 

0.01 

32V032R 

0.72 

33R033V 

0.94 

34W034R 

0.01 

34W034E 

0.01 

34W034Q 

0.04 

34W034S 

0.08 

34W034T 

0.15 

34W034V 

0.73 

34W034G 

0.88 

34W034I 

0.94 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar. PAD PI 

35T035O 

0 01 

35T035N 

0 01 


0 01 

3ST03SV 

J J 1 uJJ V 

0 14 

36G036S 

0 26 

jO VJV jO 1 

O 11 

JO VJVJO V 

O 1ft 

U.JO 

JO vJVJOIVl 

O ^4 

JO OU JOIN 

U.JO 

jovjujo w 

O £fi 
U.Oo 

JO VjUJO^ 

O 71 

JO vJVJOxv 

O OO 

17V017T 
J / V / 1 

O ftl 

17 V017H 
j / v vj / n 

0 06 
u.yo 

17V017W 

J / V U J / w 

0 OR 

v.yo 

IRTjOIRK 

0 01 

JO LA/JOVJ 

0 01 

3RT 03RF 

001 

OCT OIQP 

U.Ui 

38L038Q 

0.01 

38L038R 

0.01 

38L038D 

0.12 

38L038S 

0.29 

38L038A 

0.63 

38L038C 

0.72 

39A039S 

0.01 

39A039G 

0.30 

39A039N 

0.43 

39A039R 

0.64 

39A039I 

0.71 

39A039P 

0.74 

39A039T 

0.79 

39A039M 

0.81 

39A039E 

0.83 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar. PAD PI 

39A039C 

0.92 

39A039K 

0.96 

39A039L 

0 97 

39A039V 


40O040P 

0 01 

41 0041V 

0 01 

41 0041S 

0 00 

41 O04 IP 

0 66 

41 Q041Y 

0.70 

41 004 1W 

n rr 

49 T 047W 

0 01 

42T 042H 

0 01 

42T 04?T 

0 01 

4211)420 

0 9R 

42Ti)4?S 

0 4S 

42 T 042R 

0 64 

42L042I 

0 66 

42L042V 

0 71 

47 T .04 9 M 

O 74 

42L042G 

0.76 

43G043S 

0.23 

43G043P 

0.31 

43G043V 

0.33 

43G043Q 

0.48 

43G043R 

0.59 

43G043C 

0.73 

43G043I 

0.77 

43G043K 

0.86 

43G043M 

0.88 

43G043Y 

0.94 

43G043H 

0.96 

44A044S 

0.01 

44A044Y 

0.01 

44A044T 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar. PAD PI 

44A044R 

0 01 

44A044E 

0 01 

44 A 044V 

0 so 

44 A044F 

0 so 

44 A H44W 

o rs 

44 A C\AA\K 

0 Oft 

44 A044T 


4^DH4^^ 
^rJ JL/vrrJO 

O ^8 
U.J 5 

4< no4vr 

O il4 

4^ no4^i? 

n iio 

4SFI04SV 

o ^o 

4^ FI04SP 

O ^1 

4< D04SO 

0 ^7 

4^r>04SW 

O ^R 

4Sn04SW 

O 7ft 

4SFI04ST 

O 78 

4SD04SM 

0 7R 

4S n04Sfr 

0 R4 

4STV14^A 


45D045C 

0.84 

45D045K 

0.87 

46F046T 

0.43 

46F046W 

0.63 

46F046S 

0.66 

46F046V 

0.79 

46F046I 

0.88 

46F046G 

0.94 

47E047P 

036 

47E047R 

0.62 

47E047N 

0.63 

47E047S 

0.63 

47E047M 

0.70 

47E047A 

0.76 

47E047F 

0.76 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var.PAD PI 

47b047C 

0.77 

47E047T 

f\ O A 

0.84 

47E047D 

0.98 

A « A TT T 

47E047H 

0.99 

48V048R 

0.01 

48V048S 

0.42 

At Mf\ V FA At a*% a*** 

48V048G 

0.87 

A O T Tf\ A OXT 

48V048N 

0.98 

48V048E 

0.99 

49I049P 

0.16 

49I049R 

0.29 

49 1049 W 

0.68 

49I049H 

0.74 

49I049S 

0.79 

49I049E 

0.88 

49 1049 V 

0.97 

5OE050R 

0.01 

50E050W 

0.14 

5OE05OV 

0.43 

50E050I 

0.58 

50E050S 

0.65 

50E050Q 

0.91 

50E050L 

0.97 

51 E051R 

0.01 

51E051I 

0.04 

51E051W 

0.17 

51E051V 

0.37 

51 E051Q 

0.76 

51E051L 

0.93 

52G052H 

0.01 

52G052S 

0.01 

52G052V 

0.01 

52G052T 

0.01 

52G052M 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var.PAD PI 

52G052F 

0.01 

52G052I 

0.07 

52G052P 

0.24 

52G052L 

0.24 

52G052Q 

0.28 

52G052R 

0.35 

52G052E 

0.55 

52G052A 

0.79 

53L053R 

0.01 

53L053W 

0.01 

53L053P 

0.01 

53L053D 

0.01 

53L053E 

0.19 

53L053K 

0.24 

53L053S 

026 

53L053G 

0.33 

53L053V 

0.65 

53L053I 

0.66 

53 L053Q 

0.72 

53 L053T 

f\ Ci A 

0.84 

54S054F 

0.01 

54S054W 

0.01 

54S054H 

0.01 

54S054K 

0.08 

54S054I 

0.12 

54S054Y 

0.12 

54S054G 

0.17 

54S054L 

0.26 

54S054V 

0.29 

54S054E 

0.30 

54S054T 

0.33 

54S054R 

0.35 

54S054M 

0.48 

54S054Q 

0.53 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos JVar. PAD PI 

54S054D 

0.65 

54S054C 

0 88 

55A055V 

0.01 

SS AOS ST 

0 01 

SS AOSSP 

0 01 

SS AOSSW 

0 01 

ss Anssv 

0 1ft 

SS AOSSP 

O 7S 

SS A OS ST 

O 47 

ss Aossrs 

ft 71 

SS AOS ST 

ft R7 

SSAOSS^ 

ft R7 

SS AOSSW 


S/5POS6T 1 

O 01 

S6P0S6TJ 

0 Ol 

S6P0S6T 

0 01 

S6P0S6F 

0 01 

S6P0S6O 

0 01 

\J.\J I 


fl 17 

56R056L 

024 

56R056N 

027 

56R056A 

0.69 

57T057R 

0.01 

57T057P 

0.01 

57T057N 

0.25 

57T057C 

0.40 

57T057Y 

0.55 

57T057H 

0.61 

57T057A 

0.65 

57T057L 

0.76 

57T057V 

0.87 

57T057I 

0.87 

58T058M 

0.03 

58T058A 

0.36 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var. PAD PI 

58T058V 

0.96 

58T058S 

0 96 


0 01 

S0N0SQM 

0 01 

SOTsIOSOP 

O 01 

V.V/I 

£o to/\Op 

OU lUOUx 

0 17 

Oil lUOl/Ly 

O 66 
u.oo 

AOTOAOP 
Ol/lUOU^ 

O 67 

OU lUOUlVl 

O 6fc 

6ftTft£ftA 
OU lUOv/\ 

ft 70 

AO Tft£ftP 
OU JIUO vrlv 

o ftl 
v.Ol 

6ftTftAftT 


^OTOAOT? 

O 07 

AOTOftOK' 

OU 1UUUIV 

0 06 

60TO/50^ 

1 00 


0 70 

61 TVW51 A 

0 71 

61D061C 

0.85 

0 1 UUO 1 I 

ft OS 

61D061V 

0.97 

61D061N 

1.00 

62D062T 

0.01 

62D062I 

0.01 

62D062V 

0.01 

62D062H 

0.01 

62D062W 

0.01 

62D062S 

0.01 

62D062L 

0.01 

62D062G 

0.01 

62D062R 

0.01 

62D062M 

0.01 

62D062P 

0.01 

62D062Q 

0.01 

62D062A 

0.11 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar.PADPI 

62 D062C 

0.49 

62D062E 

0.60 

63P063A 

0.60 

63P063R 

0.80 

63P063S 

0.90 

63P063M 

0.91 

63P063F 

0.93 

63P063Y 

0.95 

64T064R 

0.11 

64T064D 

0.64 

64T064W 

0.69 

64T064Q 

0,87 

64T064C 

0.88 

64T064P 

0.94 

64T064H 

0.96 

64T064N 

0.98 

64T064S 

0.99 

65D065V 

0.20 

65D065R 

0.22 

65D065H 

0.40 

65D065Y 

0.42 

65D065P 

0.42 

65D065S 

0.47 

65D065W 

0.50 

65D065T 

0.50 

65D065G 

0.52 

65D065I 

0.62 

65D065A 

0.72 

66P066N 

0.38 

66P066Q 

0.42 

66P066G 

0.44 

66P066R 

0.51 

66P066C 

0.52 

66P066A 

0.56 


PCTAJS2004/040438 


Table 10-7* Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar. PAD PI 

66P066F 

0.67 

66P066Y 

0.70 

66P066D 

0.72 

66P066I 

0.84 

66P066V 

0.89 

66P066H 

0.95 

66P066L 

0.99 

67R067F 

0.01 

67R067W 

0.02 

67R067P 

0.04 

67R067E 

0.11 

67R067V 

0.12 

67R067Q 

0.13 

67R067L 

0.16 

67R067A 

0.22 

67R067T 

0.32 

67R067N 

0.33 

67R067G 

0.41 

67R067K 

0.99 

68L068G 

0.01 

68L068A 

0.01 

68L068M 

0.03 

68L068C 

0.06 

68L068S 

0.07 

68L068N 

0.10 

68L068E 

0.13 

68L068H 

0.22 

68L068Q 

0.25 

68L068F 

0.25 

68L068T 

0.32 

68L068P 

0.35 

68L068D 

0.44 

68L068Y 

0.45 

68L068R 

0.47 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos JVzr. PAD PI 


\JO JlaJXjO V 

0 si 

Aft T OARW 

U..JO 

UO .LA/l/Ol 

0 73 

oy iNuoy i 

u.i / 

£OXTA£0\X7 

oyiNuoy w 

UOD 

/caxta/cod 
oyjNUoyr 

A <0 

oyiNuoyK 

U.oJ 

<AXTA<A/~* 

o9iN0o9U 

a no 

Hf\ i" 1 ATAX >f 

70O070M 

A A1 
0.01 

/OCjO/UI 

A A1 
O.Ol 

70O070r 

A A1 
0.01 

70U070V 

A A1 
0.01 

70 viU/UC 

A A1 
O.Ol 

7 A n/V7AD 

A A1 
U.Ul 

*7A flfYlfW 

/UvjU/UY 

A A1 


A A1 
U.Ul 

/UljrU/UlN 

A A1 
U.Ul 

/uou/uvj 

A A1 
U.Ul 

70G070F 

A A1 

U.OI 

70G070I 

0.27 

70G070E 

0.33 

70G070S 

0.64 

71A071P 

0.01 

71A071N 

0.61 

71A071D 

0.65 

71A071G 

0.68 

71A071S 

0.69 

71A071R 

0.77 

71A071H 

0.78 

71A071I 

0.79 

71A071T 

0.79 

71A071E 

0.81 

71A071L 

0.84 

71A071F 

0.99 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar. PAD PI 

71A071C 

0.99 

72S072Y 

0.07 

72S072W 

0.34 

72S072P 

0.56 


066 

72S072L 

0 70 

72S072R 

0.74 

79 S079D 

0 80 

v.Ov 

79 ^079 V 

V.OJ 



79 S079T 

0 07 

73Y073P 

0 01 

73Y073R 

0 26 

73Y073L 

0.50 

73Y073G 

0.51 

73Y073H 

0.52 

73Y073I 

0.64 

73Y073S 

0.68 

73 Y07 W 

0 74 

73Y073N 

0.76 

73Y073D 

0.80 

73Y073Q 

0.87 

73Y073K 

0.94 

74L074S 

0.01 

74L074G 

0.57 

74L074V 

0.61 

74L074I 

0.64 

74L074W 

0.67 

74L074Y 

0.86 

75P075M 

0.30 

75P075R 

0.46 

75P075Q 

0.61 

75P075S 

0.63 

75P075T 

0.69 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar. PAD PI 

75P075I 

0.74 

75P075H 

0.86 

75P075K 

0.88 

75P075G 

0.93 

76S076W 

0.01 

76S076Y 

0.18 

76S076F 

0.46 

76S076Q 

0.90 

77C077Y 

0.01 

77C077R 

0.01 

77C077W 

0.01 

77C077F 

0.01 

77C077G 

0.18 

77C077L 

0.73 

77C077S 

0.76 

77C077V 

0.80 

77C077A 

0.91 

78L078E 

0.01 

78L078N 

0.01 

78L078M 

0.48 

78L078Q 

0.52 

78L078C 

0.78 

78L078Y 

0.81 

78L078V 

0.83 

79A079H 

0.01 

79A079F 

0.01 

79A079C 

0.03 

79A079Q 

0.27 

79A079E 

0.27 

79A079N 

0.28 

79A079M 

0.28 

79A079R 

0.32 

79A079W 

0.53 

79A079T 

0.60 


PCT/US2004/040438 


Tabic 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar.PAD PI 

79A079I 

0.67 

79A079S 

0.78 

79A079G 

0.92 

79A079P 

0.94 

79A079L 

0.96 

80T080W 

0.01 

80T080L 

0.01 

80T080K 

0.01 

80T080R 

0.01 

80T080E 

0.01 

80T080P 

0.01 

80T080H 

0.05 

80T080Y 

0.11 

80T080I 

0.15 

80T080N 

0.53 

81 H081R 

0.01 

81H081Y 

0.14 

81H081K 

0.56 

81H081S 

0.69 

81H081V 

0.71 

81H081P 

0.72 

81H081Q 

0.75 

81H081G 

0.80 

81H081F 

0.90 

82L082R 

0.01 

82L082S 

0.01 

82L082W 

0.01 

82L082V 

0.19 

82L082G 

0.31 

82L082T 

0.38 

82L082H 

0.47 

82L082I 

0.51 

82L082K 

0.51 

82L082P 

0.52 
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Table 10-7. Variants with 
Peradd Degradation Results 


Less than Wild-Type 


Pos WT/PosTVar. PAD PI 

82L082A 

0.98 

83P083T 

0.01 

83P083V 

0.19 

83P083L 

0.21 

83P083H 

0.61 

83 P083W 

0 62 

83P083G 

0 68 

83 P083S 

0 79 

83 P083O 

0.82 

83 P083D 

0 83 

83 P083F 

0 99 

84L084W 

0 01 

84L084V 

0 42 

84L084P 

0 43 

84L084T 

0.44 

84L084A 

0.45 

84L084O 

0.52 

84L084S 

0.55 

84L084R 

0.57 

84L084N 

0.67 

84L084K 

0.79 

84L084D 

0.85 

84L084I 

0.87 

84L084H 

0.99 

85D085I 

0.10 

85D085L 

0.24 

85D085V 

0.25 

85D085W 

0.34 

85D085P 

0.54 

85D085Y 

0.55 

85D085S 

0.68 

85D085T 

0.71 

85D085N 

0.78 

85D085Q 

0.99 


PCT/US2004/040438 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var.PAD PI 

86L086H 

V*V X^V \J V/X X 

001 

86L086S 

001 

86L086R 

001 

86L086E 

0 01 


0 01 

w.vl 

Ov LA/OU W 

0 OR 

OU JLA/OU V 


Rrt T jftRlVT 

OU JLA/OU 1 


cat nRArs 

OU JLA/OU VJ 

n 7ft 

OU JLA/OU I 

0 R7 
ll» o^ 

86L086P 

099 

R7V0R7^ 
O / V uo / o 

n m 

R7V0R7H 

O/ VUO / VJ 

0 01 

R7V0R7Y 

0 01 

R7V0R7R 

o / V uo / IV 

0 01 

U.Ul 

87V087K 

0.01 

87V087D 

0 01 

87V087F 

0 10 

U. 1 V/ 

R7 V0527T 
O / V Uo / 1 

A K 

U. l-> 

87V087A 

0.17 

87V087M 

0.75 

88I088H 

0.01 

88I088T 

0.01 

88I088G 

0.01 

88I088N 

0.01 

88I088Q 

0.01 

89I089H 

0.01 

89I089S 

0.01 

89I089G 

0.01 

89I089W 

0.01 

89I089Q 

0.01 

89I089E 

0.01 

89I089F 

0.75 

89I089V 

0.82 


300 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar. PAD PI 


89I089T 

0.90 

90M09OS 

0.01 

90M090W 

0.01 

90M090G 

0.01 

90M090P 

0.01 

90M090V 

0.08 

90M090T 

0.15 

90M090R 

0.36 

90M090I 

0.66 

90M090Q 

0.77 

90M090L 

0.98 

91L091G 

0.01 

91L091T 

0.01 

91L091Q 

0.01 

91L091E 

0.01 

91L091S 

0.43 

91 L091 V 

0.79 

91L091M 

0.88 

92G092V 

0.01 

92G092S 

0.01 

92G092E 

0.01 

92G092F 

0.01 

93T093Q 

0.01 

93T093Y 

0.03 

93T093D 

0.23 

93T093S 

0.49 

93T093F 

0.54 

93T093C 

0.95 

94N094L 

0.01 

94N094T 

0.01 

94N094V 

0.01 

94N094H 

0.01 

94N094R 

0.01 

94N094W 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 


WT/Pos./Var. PAD PI 

94N094M 

0.03 

94N094C 

0.07 

94N094Y 

0.12 

94N094G 

0.53 

94N094A 

0.74 

94N094P 

0.79 

94N094S 

0.88 

95D095E 

0.75 

96T096I 

0.01 

96T096W 

0.01 

96T096Y 

0.01 

96T096R 

0.14 

96T096V 

0.59 

96T096S 

0.79 

96T096P 

0.89 

97K097Q 

0.01 

97K097G 

0.01 

97K097I 

0.01 

97K097W 

0.01 

97K097L 

0.01 

97K097V 

0.01 

97K097Y 

0.01 

97K097S 

0.01 

97K097T 

0.01 

97K097M 

0.22 

97K097A 

0.23 

97K097P 

0.27 

97K097R 

0.59 

98A098T 

0.27 

98A098G 

0.56 

98A098S 

0.65 

98A098I 

0.65 

98A098H 

0.92 

99Y099R 

0.29 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Posj f Var.PAD PI 

99Y099V 

0.31 

99Y099S 

0.37 

99Y099W 

0.57 

99Y099H 

0.59 

99Y099I 

0.61 

99Y099G 

0.70 

99Y099P 

0.81 

99Y099A 

0.82 

99Y099L 

0.86 

100F100W 

0.01 

100F100K 

O.OI 

10OF1O0D 

0.01 

100F100E 

0.15 

100F100S 

0.85 

101R101W 

0.01 

101R101K 

0.07 

101R101Q 

0.11 

101R101V 

0.44 

101R101D 

0.80 

101R101Y 

0.80 

101R101P 

0.86 

101R101N 

0.92 

101R101C 

0.95 

101R101I 

0.96 

101R101F 

0.97 

102R102W 

0.01 

102R102F 

0.23 

102R102G 

0.27 

102R102C 

0.36 

102R102V 

0.61 

102R102D 

0.68 

102R102P 

0.89 

102R102S 

0.96 

103T103W 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosWar.PAD PI 

103T103Y 

0.01 

103T103G 

0.01 

103T103K 

0.01 

103 Tl 031 

0.01 

103T103L 

0.01 

103T103H 

0.01 

103T103A 

0.01 

103 Tl 03V 

0.01 

103T103S 

0.01 

103T103C 

0.01 

103T103R 

0.01 

103T103N 

0.01 

103T103F 

0.01 

103T103P 

0.01 

104P104R 

0.01 

104P104W 

0.23 

104P104T 

0.33 

104P104S 

0.53 

104P104Q 

0.85 

104P104F 

0.86 

104P104G 

0.98 

105L105V 

0.01 

105L105E 

0.53 

105 LI OSS 

0.61 

105L105Y 

0.62 

105L105T 

0.64 

105L105P 

0.90 

106D106R 

0.56 

106D106Q 

0.62 

106D106P 

0.63 

106D106N 

0.64 

106D106M 

0.86 

106D106I 

0.92 

106D106L 

1.00 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosjVar.PAD PI 

107I107E 

0.01 

107I107G 

0.01 

107I107F 

0.01 

107I107Q 

0.01 

107I107R 

0.01 

107I107P 

0.32 

107I107Y 

0.52 

107I107A 

A \f t A> A. V / X A, 

0 80 

107I107N 

A V/ f XXV/11 

0 93 

V.7J 

107I107V 

* W # AAV/ V 

0 97 

108A108E 

0 61 

108A108O 

0.73 

108A108T 

0 87 

108A108V 

0.95 

109L109W 

0.01 

109L109D 

0.11 

109L109I 

0.14 

109L109E 

0.19 

109L109R 

0 71 

109L109H 

0.22 

109L109Q 

0.22 

109L109F 

0.32 

109L109A 

0.32 

109L109S 

0.38 

109L109P 

0.43 

109L109G 

0.51 

109L109V 

0.54 

109L109M 

0.63 

109L109N 

0.66 

109L109T 

0.79 

109L109Y 

0.83 

110G110T 

0.01 

110G110W 

0.01 

110G110Y 

0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos JVar. PAD PI 

110G110P 

0.22 

110G110I 

A X V/ V-« A A Vl 

0 23 

110G110S 

i 1 V VJ 1 A \JvJ 

0 3ft 

U.Jv 

110G1 10O 

AAV/ VJ 1 ivy 

O 34 

1 10G1 101* 

llu VJ 1 1 UIv 

V/.*TO 

i loni ioh 

1 1 17 VJ 1 I v/XX 

n 73 

i iogi ion 

ill/ VJ 1 1 V/1N 

ft 77 

i 1001 iom 

n R7 

1 1 1 Ml 1 1R 

111 IVX 1 1 1 lx 


111 Ml 11^ 

111 iVXl Uu 

n ia 

U.x*r 

111 Ml 1 1H 
ill avii i lxi 

n io 

in mi i in 

lit 1VX1 X i VJ 

ft ^7 

111 A/T1 lip 

ill 1VX1 X XX 

n <S7 

U.J / 

1 1 1 Ml 1 1F 

1X1 1 VX llliu 

ft £7 

v.O/ 

1 1 1 Ml 1 1T 

111 1VX 1X1 x> 

ft 67 

111 Ml 1 1K 
i x x ivx xxi rv. 

ft 71 
\j. 1 1 

1 1 1 Ml 1 1T 

1X1 iTl 1 X 1 X 

ft 76 
v. / V/ 

111M111F 

XIX IVX I 1 x x 

ft 78 

V/. / o 

1 1 1 mi i in 

1 X X IVX 1 X X X-/ 

ft 70 
v. /y 

111M111V 

0.93 

112S112Y 

0.01 

112S112R 

0.01 

112S112P 

0.01 

112S112H 

0.38 

112S112V 

0.48 

112S112M 

0.56 

112S112W 

0.58 

112S112K 

0.68 

112S112T 

0.72 

112S112N 

0.85 

112S112F 

0.88 

112S112A 

0.94 

113V113S 

0.57 

113V113G 

0.58 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosWar.PAD PI 

113V113K 

0.72 

113V113H 

0.76 

113V113W 

0.80 

113V113L 

0.85 

113V113T 

0.86 

113V113D 

0.87 

113V113E 

0.94 

113V113C 

0.94 

113V113F 

0.96 

113V113Y 

0.98 

114L114H 

0.01 

114L114E 

0.01 

114L114Q 

0.12 

114L114P 

0.28 

114L114S 

0.55 

114L114V 

0.60 

114L114N 

0.77 

115V115I 

0.99 

116T116Y 

0.47 

116T116V 

0.57 

116T116R 

0.62 

116T116L 

0.68 

116T116W 

0.75 

116T116I 

0.76 

116T116Q 

0.77 

116T116P 

0.84 

116T116G 

0.90 

116T116E 

0.91 

116T116A 

0.95 

116T116S 

0.96 

117Q117W 

0.71 

117Q117V 

0.76 

117Q117G 

0.79 

117Q117S 

0.87 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar.PAD PI 

118V118K 

0.01 

118V118W 

0.01 

118V118E 

0.01 

118V118R 

0.07 

118V118P 

0.22 

118V118D 

0.40 

118V118I 

0.55 

118V118G 

0.56 

118V118S 

0.82 

118V118A 

0.85 

118V118T 

0.92 

118V118M 

0.93 

118V118F 

1.00 

119L119G 

0.01 

119L119S 

0.01 

119L119F 

0.01 

119L119R 

0.01 

119L119P 

0.01 

119L119T 

0.10 

119L119N 

0.11 

119L119V 

0.15 

119L119W 

0.20 

119L119C 

0.24 

119L119D 

0.28 

119L119E 

0.32 

119L119I 

0.43 

119L119H 

0.46 

119L119Y 

0.56 

120T120P 

0.01 

120T120H 

0.50 

120T120R 

0.60 

120T120A 

0.66 

120T120Q 

0.78 

120T120C 

0.92 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosWar.PAD PI 

121SI21P 

. 0.38 

121S121R 

0.70 

121S121W 

0.77 

121S121K 

0.78 

121S121G 

0.99 

122A122G 

0.01 

122A122D 

0.06 

122A122F 

0.15 

122A122H 

0.17 

122A122R 

0.40 

122A122S 

0.43 

122A122K 

0.45 

122A122E 

0.47 

122A122T 

0.52 

122A122P 

0.55 

122A122I 

0.65 

122A122N 

0.70 

122A122Q 

0.74 

122A122W 

0.86 

122A122V 

0.89 

122A122M 

0.94 

123G123C 

0.30 

123G123Q 

0.31 

123G123T 

0.54 

123G123E 

0.56 

123G123V 

0.59 

123G123R 

0.60 

123G123N 

0.71 

123G123H 

0.74 

123G123F 

0.80 

123G123P 

0.81 

123G123D 

0.84 

124G124I 

0.01 

124G124H 

0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar. PAD PI 

124G124M 

0.01 

124G124W 

0.01 

124G124P 

0.01 

124G124A 

0.03 

124G124Q 

0.21 

124G124T 

0.32 

124G124V 

0.33 

124G124R 

0.41 

124G124L 

0.54 

124G124S 

0.56 

124G124Y 

0.56 

124G124N 

0.60 

124G124D 

0.64 

124G124C 

0.67 

124G124F 

0.95 

125V125W 

0.25 

125V125E 

0.39 

125V125R 

0.47 

125V125C 

0.54 

125V125D 

0.54 

125V125P 

0.62 

125V125F 

0.63 

125V125S 

0.79 

125V125Y 

0.81 

125V125A 

0.93 

125V125I 

0.94 

126G126I 

0.01 

126G126V 

0.18 

126G126Y 

0.23 

126G126L 

0.54 

126G126A 

0.55 

126G126E 

0.60 

126G126P 

0.67 

126G126T 

0.74 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar.PAD PI 

I26G126R 

0.76 

126G126N 

0.85 

126G126S 

0.90 

126G126C 

0.98 

127T127L 

0.01 

127T127E 

0.01 

127T127Q 

0.15 

127T127I 

0.20 

127T127H 

0.60 

127T127D 

0.62 

127T127M 

0.64 

127T127C 

0.65 

127T127V 

0.68 

127T127G 

0.71 

127T127P 

0.77 

127T127S 

0.83 

128T128D 

0.66 

129Y129W 

0.01 

129Y129G 

0.01 

129Y129K 

0.01 

129Y129V 

0.01 

129Y129T 

0.14 

129Y129A 

0.17 

129Y129R 

0.18 

129Y129M 

0.21 

129Y129D 

0.23 

129Y129L 

0.27 

129Y129N 

0.53 

129Y129P 

0.59 

129Y129C 

0.61 

129Y129S 

0.69 

129Y129F 

0.71 

130P130T 

0.01 

130P130H 

0.01 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar.PAD PI 

130P130G 

0.01 

130P130S 

0.01 

130P130L 

0.09 

130P130E 

0.22 

130P130W 

0.28 

130P130V 

0.37 

130P130I 

0.41 

130P130A 

0.44 

130P130F 

0.48 

130P130R 

0.53 

130P130K 

0.55 

130P130C 

0.64 

130P130M 

0.76 

131A131W 

0.01 

131A131D 

0.40 

131A131Y 

0.48 

131A131L 

0.59 

131A131S 

0.68 

131A131P 

0.71 

131A131Q 

0.74 

131A131V 

0.78 

131A131H 

0.82 

131A131G 

0.87 

131A131E 

0.97 

132P132V 

0.01 

132P132T 

0.01 

132P132W 

0.01 

132P132F 

0.01 

132P132I 

0.01 

132P132H 

0.01 

132P132R 

0.01 

132P132D 

0.01 

133K133C 

0.01 

133K133A 

0.10 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar.PAD PI 

133K133V 

0.23 

133K133G 

0.31 

133K133H 

0.31 

133K133M 

0.33 

133K133T 

0.39 

133K133I 

0.45 

133K133Q 

0.52 

133K133S 

0.58 

133K133F 

0.59 

133K133P 

0.71 

133K133E 

0.76 

133K133R 

0.83 

133K133W 

0.99 

134V134Q 

0.79 

134V134T 

0.86 

134V134I 

0.89 

135L135T 

0.01 

135L135W 

0.01 

135L135K 

0.01 

135L135S 

0.01 

135L135F 

0.01 

135L135G 

0.01 

135L135R 

0.01 

135L135P 

0.01 

135L135Q 

0.17 

135 LI 35V 

0.43 

135L135E 

0.63 

135L135M 

0.78 

136V136P 

0.01 

136V136E 

0.20 

136V136N 

0.40 

137V137N 

0.01 

137V137G 

0.26 

137V137S 

0.29 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var.PAD PI 

137V137I 

0.70 

137V137T 

0.93 

138S138I 

0.35 

138S138V 

0.69 

139P139S 

0.01 

139P139G 

0.01 

139P139R 

0.01 

139P139C 

0.01 

139P139D 

0.01 

139P139E 

0.01 

139P139F 

0.01 

139P139H 

0.01 

139P139I 

0.01 

139P139K 

0.01 

139P139N 

0.01 

139P139Q 

0.01 

139P139T 

0.01 

139P139V 

0.01 

140P140T 

0.01 

140P140S 

0.01 

140P140V 

0.01 

140P140W 

0.01 

140P140I 

0.01 

140P140Y 

0.01 

140P140Q 

0.01 

140P140R 

0.01 

141P141R 

0.01 

141P141G 

0.01 

141P141S 

0.02 

141P141T 

0.12 

141P141V 

0.16 

141P141Q 

0.37 

141P141I 

0.38 

141P141L 

0.65 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosiVar.PADPI 

1A1 PI A1TT 

a TO 

1 At PI AIM 
If I rl4 1IN 

u.y / 

14ZL»14ZW 

A Ai 

O.Ol 

147T 149T 

A 9ft 
U.Zo 

14ZL,14Zo 

All 

0.31 

1 /lO T 1 A^r\ 

14Z.L14ZVJ 

0.33 

1AOT 1AOW 
14ZL14ZV 

0.33 

1AOT lAOD 

I4ZLrI4Zir 

0.44 

1/11 T 1 /10T7 

I4ZLI4Zr 

0.54 

1A1T HOA 

14ZJL14ZA 

0.56 

1 /II T 1 /11V 

14ZL14z.lv 

0.66 

1 /II T 1 /fO/~» 

14ZL142C 

A 

0.70 

1 /II A 1 

143 A143 W 

A A1 

0.0 1 

143 AI43r 

A "5A 

0.39 

1 /II A 1 /!1/^» 

143 A143Cj 

0.42 

143 A143o 

A /CI 

0.63 

141 A 1A1T7 
I**3/V14jx* 

O.Oo 

1 A1 A 1 A1C\ 
143 A143l^ 

A Ol 

O.Bl 

1 A1 A 1 A3.XT 
143 A143IN 

A Q1 

O.oZ 

1 A1 A 1 ylOT 

143 A1431 

A AT 

0.97 

143A143R 

0.99 

143A143V 

0.99 

144P144G 

0.62 

144P144A 

0.79 

144P144T 

0.81 

144P144S 

0.92 

145M145W 

0.01 

145M145G 

0.26 

145M145E 

0.48 

145M145I 

0.53 

145M145Q 

0.57 

145M145L 

0.61 

145M145V 

0.63 

145M145R 

0.69 
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Table 10-7. Variants with 


Peracid Degradation Results ~ 


Less than Wild-Type 


Pos WT/PosyVar.PADPI 

1 A*\\A\ A^T? 
I43IVll4jr 

a in 

0.77 

1 A< \A 1 A ^t> 
14DM14jr 

0.78 

145M145S 

A TO 

0.78 

I43JY114D1 

A *7A 

0.79 

1 /IC Xjffl jlC A 

145M145A 

A *TA 

0.79 

t A CK A t A C\r 

145M145Y 

0.82 

145M145C 

0.93 

146P146W 

0.68 

146P146T 

0.76 

146P146V 

0.77 

146P146S 

0.96 

147H147S 

0.75 

147H147T 

0.84 

147H147I 

0.92 

147H147V 

0.92 

i >nTTi A*m 

147H147R 

0.94 

1 A 1 TLT1 vtT A 

147H147A 

A AO 

0.98 

1 ><OD1 AOf\ 

14orl45vJ 

A AO 

0.98 

1 A A VIM yl AT> 

149W149K 

A At 

0.01 

149W149E 

0.01 

149W149P 

0.01 

149W149C 

0.12 

149W149I 

0.24 

149W149A 

0.31 

149W149S 

0.33 

149W149Q 

0.40 

149W149T 

0.44 

149W149G 

0.45 

149W149M 

0.49 

149W149F 

0.50 

149W149L 

0.64 

149W149Y 

0.75 

150F150P 

0.32 

150F150N 

0.36 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar. PAD PI 


150F150G 

0.46 

150F150V 

0.51 

150F150A 

0.54 

150F150T 

0.58 

150F150W 

0.62 

150F150M 

X */ v X X t/vi»* 

0 63 

150F150E 

0 73 

150F150C 

0 78 

150F150I 

0 78 

150F150K 

£ ~S\J X X «/VrXV. 

0 85 

151 0151L 

1 X ^^X •/ 1 W 

0 01 

1510151V 

0 01 

1510151F 

0 01 

15101511 

0 01 

1510151W 

0.32 

152 LI 521 

0.61 

152L152P 

0.61 

152L152T 

0.69 

152L1520 

0 76 

152L152G 

0.77 

152L152S 

0.84 

152L152D 

0.86 

152L152V 

0.88 

152L152R 

0.91 

152L152K 

0.91 

152L152H 

0.92 

153I153N 

0.89 

154F154T 

0.01 

154F154G 

0.01 

154F154V 

0.01 

154F154S 

0.29 

154F154Q 

0.97 

155E155R 

0.01 

155E155F 

0.23 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosyVar.PAD PI 

155E155V 

0.47 

155 El 551 

0.65 

155E155Q 

0.69 

156G156I 

001 

V.V x 

156G156F 

0 73 

156G156W 

V/..7V/ 

156G156L 

0 94 

156G156V 

0.97 

157G157R 

0.01 

157G157P 

0.01 

157G157S 

0.19 

157G157V 

0.40 

157G157C 

0.61 

157G157E 

0.84 

157G157M 

0.85 

157G157A 

0.87 

157G157D 

0.94 

157G157T 

0.99 

158E158V 

0 89 

158E158D 

0.89 

158E158T 

0.91 

158E158I 

0.94 

159Q159A 

0.28 

159Q159C 

0.31 

159Q159P 

0.49 

159Q159D 

0.63 

159Q159L 

0.70 

159Q159G 

0.72 

159Q159S 

0.73 

159Q159R 

0.74 

159Q159M 

0.84 

159Q159E 

0.97 

160K160W 

0.01 

160K160G 

030 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosWar. PAD PI 

160K160H 

0.57 

160 Kl 60S 

0.70 

160K160L 

0.95 

160K160I 

1.00 

161T161R 

0.01 

161T161H 

0.01 

161T161W 

0.01 

161T161N 

0.01 

161T161G 

0.43 

161T161C 

0.56 

161T161S 

0.57 

161T161I 

0.98 

163E163F 

0.27 

1 63 El 63 R 

0.49 

163 El 63V 

0.55 

163E163P 

0.77 

163E163G 

0.80 

163E163H 

0.82 

163E163S 

0.85 

163E163W 

0.98 

164L164Y 

0.01 

164 LI 64 A 

0.01 

164L164D 

0.01 

164L164E 

0.01 

164L164G 

0.01 

164L164H 

0.12 

164L164F 

0.86 

164L164C 

0.91 

164L164T 

0.99 

165A165I 

0.59 

165A165K 

0.82 

165A165Y 

0.84 

165A16SS 

0.94 

165A165F 

1.00 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar.PAD PI 

166R166T 

0.74 

166R166V 

0.76 

166R166G 

0.91 

166R166S 

0.95 

168Y168G 

0.01 

168Y168T 

0.01 

168Y168V 

0.01 

168Y168I 

0.01 

168Y168C 

0.01 

168Y168Q 

0.01 

169S169P 

0.89 

169S169T 

0.97 

170A170I 

0.44 

170A170S 

0.47 

170A170G 

0.62 

170A170T 

0.72 

170A170V 

0.74 

170A170K 

0.83 

170A170W 

0.83 

170A170L 

0.85 

170A170Q 

0.89 

170A170Y 

0.89 

171L171R 

0.01 

172A172K 

0.01 

172A172R 

0.01 

172A172E 

0.01 

172A172Q 

0.18 

172A172V 

0.39 

172A172W 

0.45 

172A172P 

0.58 

172A172I 

0.58 

172A172T 

0.71 

172A172N 

0.76 

172A172G 

0.84 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVanPAD PI 

172A172S 

0 85 

172A172C 

0.86 

174F174W 

0 01 

174F1740 

\J.H\J 

174F174f* 


174F174P 

ft ^7 

174F17J\I 
I ftr 1 /**»> 

ft f%\ 

1 7^iT-17/l , T 

ft A/l 

i /*f ri /** v 

ft A7 
U.O/ 

1 /fx* I /*HJ 

ft 01 

1 7^\vf17^P 

ft ftft 

17^TVvf17^A 

ft f*(\ 
U.OO 


0 77 

17^Avf17^fi 

ft 7^ 

175M175W 

0 76 

17^M17^V 
I / JIVH / jY 

ft SI 

17SM17SO 
i / ivi i / *?V< 

ft 

17SM175T 

ft R(\ 

1 7^\jf 1 7 CD 

ft o/; 

175M175T 

0.90 

176K176S 

0.72 

176K176G 

0.73 

176K176P 

0.78 

176K176L 

0.92 

176K176Y 

0.93 

176K176N 

0.94 

176K176T 

0.97 

176K176Q 

0.97 

178P178W 

0.02 

179F179Q 

0.01 

179F179S 

0.34 

179F179W 

0.86 

179F179H 

0.93 

179F179N 

0.95 


Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosTVar.PAD PI 


1 ROF1 ROY 

ft 01 

v.Ul 

1 £ftT?1 OAT 

ft ftl 
U.U1 

1 Oft 171 OAU 

loUr loUK 

ft ft1 

1 OA 171 OAO 

A A1 

U.U1 

1 OA 171 OAP 

loOrloOO 

A A1 

0.01 

1 OAT71 OAA 

A A1 

0.01 

i ci ni fiiv 

151 Ulol X 

ft ftl 
U.U1 

lolDlol W 

a ni 

0.01 

181D181L 

0.01 

1 Ol T\ 1 OlT 

A A1 

0.01 

181D181V 

A A1 

0.01 

ioi r\ 1 oi n 

181D181R 

A 

0.22 

1 OI T"\1 01 V 

lol Dloliv 

0.47 

1 OI F\1 01 /"* 

lolDlolO 

0.52 

i ci r>i oi q 
lol Ulolo 

ft ^< 

1 01 ni oi a 
lol Lllolv£ 

A rf£A 

i oi f\i oi d 
lol Lllolr 

U.OO 

101 T\1 31 1? 
lol LHoIJd 

n 70 

■tot rvi oir* 

I81D181G 

A OC 

0.85 

182A182I 

0.01 

182A182R 

0.01 

182A182Q 

0.01 

182A182P 

0.01 

182A182T 

0.11 

182A182N 

0.53 

182A182S 

0.85 

182A182G 

0.94 

182A182C 

0.99 

183G183S 

0.01 

183G183Q 

0.01 

183G183V 

0.01 

183G183F 

0.19 

183G183H 

0.95 

183G183D 

0.99 
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Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WTYPosWar. PAD PI 

184S184T 

0.60 

184S184H 

0.74 

184S184G 

0.82 

184S184P 

0.85 

185V185W 

0.01 

185V185H 

0.01 

185V185G 

0.01 

185V185D 

0 01 

185V185S 

0 53 

185V185Y 

0.58 

185 VI 851 

0 63 

185V185R 

0.79 

185V185K 

0 79 

185V185C 

0.83 

185V185E 

0.88 

185V185T 

0.91 

185V185L 

0.93 

186I186G 

0.01 

186I186S 

0 01 

VF.V/ a 

186I186R 

0.01 

186I186P 

0.01 

186I186T 

0.23 

186I186V 

0.48 

186U86F 

0.76 

187S187P 

0.01 

187S187T 

0.23 

187S187Q 

0.35 

187S187W 

0.52 

187S187R 

0.55 

187S187V 

0.58 

187S187F 

0.65 

187S187Y 

0.80 

188T188H 

0.01 

188T188R 

0.01 


PC17US2004/040438 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/PosJVar.PADPI 

188T188F 

0.01 

188T188Y 

009 

188T188I 

0 10 

V/» 1 vr 

188T188V 

A A. X W T 

0 15 

V/* 1 */ 

188T188L 

A A A 

0 42 

188T188M 

0 75 

188T188G 

■X W A luUU 

0 70 

188T188C 

L%J%J JL lOOv 

v/.o / 

18RT1 RRS 

ft 01 

188T188A 

Jl \J \J JL A A 

0 95 

189D1R9F 

0 ^7 
v/.-> / 


U.J7 


n S7 

189D189V 

0 71 

V/. / Jl 

189D189W 

0 76 

189D189E 

X \J ^ X^ X \J ~J 

0 77 

189D189G 

A A^ X W \J 

0 80 

189D189S 

0 81 

189D189M 

1 07 JL/ 1 O^IVJI 

v.oo 

189D189C 

0.94 

189D189H 

0.95 

189D189P 

0.97 

190G190V 

0.01 

190G190S 

0.01 

190G190Q 

029 

190G190W 

0.41 

190G190R 

0.51 

190G190K 

0.57 

190G190L 

0.82 

191V191H 

0.01 

191V191W 

0.01 

191V191S 

0.01 

191V191G 

0.01 

191V191N 

0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar. PAD PI 


191 V191I 

0.02 

192D192S 

0.01 

192D192P 

0.01 

192D192F 

0.01 

192D192H 

0.01 

192D192I 

0.01 

192D192Q 

0.01 

192D192R 

0.01 

192D192T 

0.01 

192D192V 

0.01 

192D192W 

0.01 

192D192N 

0.15 

192D192C 

0.56 

193G193H 

0.01 

193G193C 

0.01 

193G193T 

0.01 

193G193N 

0.01 

19411 94S 

0.01 

194I194A 

0.01 

194I194C 

0.01 

194I194P 

0.01 

194I194F 

0.01 

194I194W 

0.01 

194I194R 

0.01 

194I194Y 

0.01 

194I194G 

0.04 

194I194L 

0.58 

194I194V 

0.78 

195H195S 

0.08 

195H195C 

0.10 

195H195L 

0.18 

195H195N 

0.22 

195H195R 

0.24 

195H195F 

0.40 


Table 10-7. Variants with 
Peracid Degradation Results 


Less than Wild-Type 


Pos WT/Pos/Var.PAD PI 

1 95 HI 95 V 

0.60 

195H195Q 

0.96 

195H195A 

0.98 

196F196H 

0.01 

196F196G 

0.01 

196F196S 

0.01 

196F196Q 

0.01 

196F196W 

0.38 

196F196P 

0.39 

196F196V 

0.68 

196F196M 

0.71 

196F196Y 

0.97 

197T197R 

0.01 

197T197L 

0.65 

197T197S 

0.75 

197T197G 

0.81 

197T197I 

0.84 

197T197C 

0.86 

197T197V 

0.89 

197T197N 

0.91 

199A199M 

0.93 

199A199S 

0.99 

199A199G 

0.99 

201N201Y 

0.01 

201N201T 

0.01 

201N201V 

0.01 

201N201R 

0.01 

201N201S 

0.06 

201N201H 

0.10 

201N201G 

030 

201N201L 

0.35 

201N201F 

0.67 

201N201E 

0.72 

203 D203V 

0.50 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 

203D203W 0.52 
203D203E 0.90 
The following Table provides variants that have protein performance indices 

('Trot Pn better than wild-type. 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 


WT/PosWar.Prot. PI 

2A002Y 

1.61 

2A002N 

1.30 

2A002I 

1.25 

2A002V 

1.18 

2A002T 

1.17 

2A002S 

1.15 

5I005M 

1.29 

7C007A 

1.22 

7C007G 

1.07 

7C007M 

1.03 

8F008N 

1.23 

8F008M 

1.05 

8F008G 

1.03 

8F008P 

1.01 

11S011H 

1.06 

11S011A 

1.04 

11 SOI ID 

1.03 

11 SOI IE 

1.01 

11S011Q 

1.01 

12L012N 

1.06 

12L012Q 

1.05 

13T013V 

1.17 

14W014Y 

1.02 

16W016Y 

1.02 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 


WT/PosJVar.Prot PI 

17V017A 

121 

17V017E 

1.11 

17V017F 

1.09 

17 V01 71 

1.08 

17V017K 

1.06 

17V017T 

1.03 

18P018C 

2.56 

18P018H 

2.50 

18P018L 

2.50 

18P018E 

2.47 

18P018G 

2.47 

18P018N 

235 

18P018V 

2.30 

18P018Q 

2.13 

18P018R 

2.01 

18P018Y 

1.68 

18P018S 

1.05 

19V019G 

1.39 

19V019A 

1.23 

19V019E 

1.10 

19V019Q 

1.07 

19V019K 

1.03 

19V019M 

1.00 

20E020G 

1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.ProL PI 


20E020P 

1 08 

20E020A 

1 Oft 
1 .Vro 

20F020N 

1 01 

90F090V 

Z V £A/Zu V 

1 01 

99 HA99 a 

ZZ vJ\JZZ/\ 

1 AT 

99 fiA99T 
ZZ UvZZl 

i ai 
1.03 

91 AA91T7 

1 ai 
1.03 


1.4 J 

9 A PA9/4/~l 

1.34 

9J.PA94Q 
Z*f JrUZ*fo 

1.31 

9APA94W 
Z*f JrUZ*Ul 

1.13 

9APA9AT 
Z*f JTUZ*fl 

ill 
1.1 1 

94P094T 
Z*r iuZnL 

I.OO 

ZJ iUZ3l^ 

1.3 / 

9^T09fIV 
Zj 1 UZ*> V 

i in 

1.3U 

z j i v/z jvj 

1 99 
1 .Z / 

9ST095A 

1 91 
1.Z3 

25T025I 

1 19 

9^T09^P 
Zj ll/Z->r 

1 1 A 

1.1U 

25T025M 

1.04 

29A029G 

1.22 

29A029P 

1.07 

29A029M 

1.06 

29A029D 

1.06 

29A029V 

1.05 

29A029S 

1.05 

29A029T 

1.02 

29A029E 

1.02 

30P030E 

1.20 

30P030A 

1.15 

30P030S 

1.12 

30P030L 

1.07 

30P030Q 

1.06 

30P030K 

1.06 


PCT/US2004/040438 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 


10P01AW 

1 o^ 

iopoiov 

1.04 

19 VA19V/T 
->Z V lOZIVl 

1.1 1 

19\/A19 A 
3Z V03ZA 

1 1 A 
1.10 

19 \/aiot 
3z V03zl 

1 AO 
1.08 

3z V03z\J 

1.03 

32 V032L 

1 At 

1.01 

35 1 03 

1.16 

«5 r , n'J /T/~» 

36G036C 

1.09 

3oCj03oN 

1.08 

3oCj03ovJ 

1.07 

3oCi03ob 

1.06 

3oli03oA 

i aa 
1.00 

17V01TM 
J 1 Wj /IN 

1 AO 

lO AA1Q1/ 

3y AU3y V 

1 1 o 

l.lo 

lO A A'JAH 

3yAU3yli 

1.03 

40r040A 

1 AC 

1.05 


1 A1 
1.01 

4/ b04/i 

1.02 

54S054A 

1.33 

54S054C 

1.21 

54S054E 

1.16 

54S054D 

1.08 

54S054H 

1.06 

54S054N 

1.01 

54S054M 

1.01 

55A055N 

1.12 

55A055S 

1.08 

56R056Q 

1.02 

58T058V 

1.13 

60I060A 

1.20 

60I060M 

1.14 

60I060V 

1.06 

60I060L 

1.02 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosJVar.Prot PI 


61D061A 

1.41 

61D061N 

1.12 

61D061V 

1.10 

61D061Y 

1.03 

61D061Q 

1.02 

61D061L 

1.00 

62D062A 

1.06 

62D062M 

1.06 

63P063S 

1.17 

63P063Y 

1.12 

63P063M 

1.09 

63P063Q 

1.08 

63P063A 

1.06 

63P063V 

1.06 

63P063R 

1.02 

63P063T 

1.02 

64T064Q 

1.13 

64T064M 

1.07 

64T064R 

1.05 

64T064C 

1.05 

64T064S 

1.03 

66P066Q 

1.91 

66P066G 

1.78 

66P066N 

1.62 

66P066C 

1.51 

66P066I 

1.51 

66P066R 

1.26 

66P066H 

1.23 

66P066V 

1.12 

66P066Y 

1.08 

66P066A 

1.03 

66P066F 

1.02 

67R067Q 

1.60 

67R067L 

1.46 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosWar. Prot. PI 


67R067A 

1.39 

67R067V 

1.24 

67R067P 

1.04 

67R067F 

1.01 

68L068A 

1.07 

68L068V 

1.01 

68L068G 

1.00 

69N069C 

1.18 

69N069G 

1.06 

69N069D 

1.05 

69N069S 

1.03 

70G070A 

1.08 

72S072L 

1.07 

72S072A 

1.06 

72S072Y 

1.03 

73Y073N 

1.25 

73Y073Q 

uo 

73Y073C 

1.18 

73Y073D 

1.09 

73Y073V 

1.08 

73Y073M 

1.05 

73Y073L 

1.03 

74L074I 

1.45 

74L074Y 

1.19 

74L074V 

1.18 

74L074A 

1.01 

75P075M 

1.22 

75P075S 

1.18 

75P075T 

1.10 

75P075Y 

1.08 

75P075C 

1.06 

75P075Q 

1.04 

75P075L 

1.02 

75P075E 

1.00 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos JVar. Prot PI 


76S076W 

1.06 

77C077L 

1.44 

77C077V 

1.33 

77C077A 

1.20 

77C077S 

1.19 

77C077T 

1.18 

78L078I 

1.06 

78L078V 

1.04 

79A079C 

1.16 

79A079E 

1.12 

79A079S 

1.09 

79A079Q 

1.05 

79A079M 

1.04 

79A079R 

1.02 

80T080S 

1.12 

80T080E 

1.02 

8OT080Q 

1.02 

82L082G 

1.24 

82L082R 

1.15 

82L082V 

1.14 

82L082S 

1.13 

82L082P 

l.U 

82L082M 

1.07 

82L082K 

1.03 

82L082A 

1.00 

83P083G 

1.01 

84L084V 

1.23 

86L086Q 

3.66 

89I089V 

1.09 

89I089L 

1.07 

93T093Q 

2.03 

96T096A 

1.32 

96T096V 

1.12 

96T096S 

1.05 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 


WT/PosyVar.Prot PI 

96T096G 

1.03 

97K097A 

1.11 

97K097R 

1.02 

98A098S 

1.17 

98A098T 

1.03 

98A098N 

1.01 

99Y099S 

1.45 

99Y099L 

1.39 

99Y099H 

130 

99Y099A 

1.29 

99Y099V 

1.28 

99Y099G 

1.23 

99Y099W 

120 

99Y099I 

1.11 

100F100M 

1.20 

100F100N 

1.12 

100F100W 

1.06 

100F100S 

1.02 

101R101L 

1.33 

101 R101N 

1.11 

101R101Q 

1.03 

101R101D 

1.02 

102R102Q 

1.09 

103T103G 

1.20 

103T103S 

1.14 

103T103H 

1.14 

103T103N 

1.07 

103T103K 

1.05 

103T103P 

1.01 

104P104S 

1.44 

104P104V 

1.40 

104P1O4E 

1.37 

104P1O4C 

1.34 

104P104N 

1.32 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos/Var.Prot PI 


104P1 A4T 

1 OQ 


1 oc 

. LZD 


1.24 


1.11 

1 Ail pi c\aj 

1 AT 

1.07 


1.01 

1 AC T 1 ACV 

1U3L105Y 

1.18 

1 ac T 1 ACU 

llOLlOMi 

1.07 

1 AC T 1 f\CP 

IUjLIOXj 

1. 07 

i AC t i ncr« 
1U3L105C 

1.05 

1 AC T 1 ACA 

1U5L105Q 

L03 


1 AA 

1.00 

1 AC T 1 ACT) 

-1U5L105F 

LOO 

iuolJlUoii 

L02 

1 A*7 T1 A*7C 

1.05 

1 A*7T1 ATI/ 
1U/11U/ V 

L04 

1U/ liU/v^ 

LOO 

1 Aft A 1 Acn 

1 1 c 

1.15 

1 Aft A 1 AftQ 

1 1 A 

L14 

1 Aft A 1 ACT* 

1.08 

109L109E 

1.24 

109L109I 

1.21 

109L109D 

1.15 

109L109N 

1.13 

109L109F 

1.11 

109L109Q 

1.08 

109L109A 

1.07 

109L109H 

1.06 

109L109V 

1.06 

109L109M 

1.00 

110G110S 

1.01 

112S112N 

1.09 

112S112E 

1.05 

113V113C 

1.06 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

; Pos WT/Pos7Var.ProtPI 


111 \T1 1 1\T 

113V113N 

1.01 

114L114C 

1.10 

114L114A 

1.03 

114L114M 

1.00 

115 VI 151 

1.14 

115V115C 

1.14 

115V115A 

1.11 

115V115M 

1.05 

115V115L 

1.02 

116T116N 

1.68 

116T116H 

1.48 

116T116G 

1.44 

116T116C 

1.30 

116T116E 

1.29 

116T116Q 

1.29 

116T116M 

1.28 

116T116S 

1.24 

116T116Y 

1.09 

116T116A 

1.08 

116T116R 

1.03 

116T116L 

1.03 

117Q117S 

1.13 

117Q117H 

1.12 

117Q117E 

1.10 

117Q117T 

1.06 

117Q117A 

1.03 

118V118C 

1.28 

118V118A 

1.20 

118V118I 

1.01 

119L119C 

1.18 

119L119A 

1.18 

119L119N 

1.14 

119L119I 

1.06 

119L119S 

1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 


1 1 AT 11 G\7 

1 f\A 

1.04 

1 %{% Til (YE 

IryLllSJii 

1 A>l 

1.04 

1 1 ft T 11 (YD 

11SJL119K 

1.00 

120T120S 

1.35 

120T120E 

1.19 

120T120C 

1.14 

120T120K 

1.12 

120 1 120N 

1.10 

120T120A 

1.09 

120T120H 

1.07 

120T120Q 

1.05 

120T120Y 

1.01 

120T120L 

1.00 

121S121N 

1.17 

121S121L 

1.12 

1 *>1 0111 A 

121 S121A 

1.10 

121 olzlC 

i An 

1.09 

121 S121G 

1.07 

1 *>1 

121 M21R 

1.06 

121S121K 

1.04 

121S121E 

1.01 

121S121Q 

1.01 

122A122N 

1.11 

122A122L 

1.07 

122A122P 

1.07 

122A122M 

1.06 

122A122V 

1.05 

122A122S 

1.05 

122A122E 

1.04 

122A122I 

1.04 

122A122Q 

1.02 

124G124M 

1.36 

124G1-24A 

1.20 

124G124N 

1.18 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosWar. Prot PI 


124U124C 

1.07 

1240124Q 

1.02 

12D V12M 

1.05 

126G126N 

1.04 

126G126E 

1.02 

126G126A . 

1.02 

127T127A 

1.10 

127T127S 

1.08 

127T127V 

1.06 

127T127C 

1.04 

127T127G 

1.04 

127T127D 

1.03 

127T127E 

L03 

127T127M 

1.02 

128T128N 

1.29 

128T128M 

1.28 

128T128Q 

1.24 

128T128A 

1.23 

128T128H 

1.19 

128T128P 

1.18 

128T128D 

1.14 

128T128K 

1.10 

128T128S 

1.07 

128T128V 

1.05 

128T128R 

1.03 

128T128F 

1.01 

129Y129F 

1.44 

129Y129C 

1.42 

129Y129A 

1.39 

129Y129D 

1.35 

129Y129M 

1.28 

129Y129N 

1.24 

129Y129L 

1.22 

129Y129P 

1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos/Var.Prot PI 


1 90 VI ion 
izy i izyo 

1 1A 
1. 1U 

izy i izyo 

1 AO 

Izy I iZy W 

1 A1 

1.01 

izy Y izy V 

1 AA 

1.00 

liUrliULr 

l.n 

i^ADI 1 AT? 

130F13011 

i ao 

1.08 

HftDH AT/" 

130P130K 

1.05 

1 1 A A 

130P130A 

1 ai 
1.03 

130F130M 

-i ai 
1.03 

133K133Q 

1.13 

in i/ - 1 net 

133K133S 

1.02 

133K133A 

1.01 

111 VI 11T* 

133K133R 

l.Ol 

133K133J5 

1.01 

135L135M 

1 At 

1.01 

1 1JC\71 1CT 

13d V136L 

1 AI 

1.03 

13obl35A 

1 A A 

1.44 

13ool3oU 

t 1*7 

1.17 

1 ^Itf C 1 TOP 

I3oM3oCj 

1.09 

1A1 P141 A 
i^ti r ihia 

I.I j 

141P141G 

1.02 

142L142I 

1.05 

143A143G 

1.17 

145M145I 

1.16 

145M145L 

1.07 

147H147L 

1.09 

147H147C 

1.04 

149W149G 

1.39 

149W149A 

1.35 

149W149M 

1.32 

149W149S 

1.28 

149W149F 

1.27 

149W149Y 

1.15 

149W149Q 

1.10 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 


WT/PosyVar.Prot.PI 

140W1/10T 

i*fy w i**yi-f 

l.Oo 

IDOr OOA 

1 *7A 
1.70 


i.oy 

1 CATJ1 CAXT 

150rl501M 

1.52 

1 CAT71 cnr« 
150F150C 

1.41 

1 CAD 

1.38 

1 CO.I71 crnr 

1.33 

150rl501i 

1.32 

t f ATI CAT^ 

150F150T 

1.27 

1 f Art C/W T 

150F150V 

1.26 

150F150W 

1.26 

150F150Y 

1.24 

1 rAT?1 CAT 

150F150I 

1.19 

1 f API CAT 

150F150L 

1.14 

i cn T? 1 CA/*» 

150F150G 

1.13 

1 CA 171 CATT 

150F 15011 

1 AA 

1.09 

1 ri /"\1 C 1 V 

151 Q151K 

1 A A 

1.04 

1531153N 

1 A A 

1.04 

10 / VJlD /A 

1 An) 

1 CA A1 CAT"* 

159Q159E 

1.14 

159Q159A 

1.13 

159Q159G 

1.03 

161T161C 

1.01 

162T162C 

1.17 

162T162I 

1.16 

162T162H 

1.08 

162T162L 

1.05 

162T162F 

1.05 

162T162Y 

1.03 

164L164M 

1.09 

164L164V 

1.08 

165A165G 

1.14 

165A165Q 

1.05 

165A165S 

1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosWar.Prot PI 


166R166M 

12.6 

166R166K 

1.19 

166R166G 

1.19 

166R166N 

1.16 

166R166D 

1.16 

166R166A 

1.12 

166R166L 

1.08 

166R166T 

X vv XX X W X 

1 04 

167V167L 

1 13 

167V167H 

1 12 

167V167G 

1 08 

X »VO 

167V167M 

1 04 

167V167I 

1.04 

167V167S 

1.04 

167V167C 

1.01 

168Y168F 

1.28 

168Y168L 

127 

170A170C 

1.02 

171 L171I 

1.16 

172A172C 

1.09 

172A172G 

1.07 

175M175Y 

1.35 

175M175L 

1.19 

175M175W 

1.14 

175M175N 

1.11 

175M175R 

1.02 

176K176R 

1.06 

176K176Q 

1.02 

178P178E 

1.05 

182A182C 

1.03 

183G183S 

1.08 

184S184E 

1.39 

184S184A 

1.31 

184S184M 

1.25 


Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 


WT/PosWar. Prot PI 

184S184G 

1.15 

184S184D 

1.15 

184S184C 

1.14 

184S1840 

1 09 

X »U7 

184S184H 

1 07 

X «v/ / 

184S184N 

x v> t *J x U ill 

1 0^ 

184S184V 

1 03 

184S184K 

1 07 

185 VI 851 

1 01 

18611 86M 

111 

1*11 

X OO X lOOv 

7 04 

188T188I 

X OU X X UU1 

1 RS 

188T188L 

X V(l X X VwU 

1 -76 

X . / ii 

XOO X lOOiYl 

1 Aft 
1 .OU 

188T188V 

1.53 

188T188S 

1.52 

188T188R 

1.41 

188T188A 

1.40 

188T188G 

1.32 

188T188N 

1.24 

191V191C 

1.04 

194I194L 

1.32 

194I194C 

1.17 

194I194A 

1.15 

194I194W 

1.12 

194 11 94V 

1.03 

194I194Y 

1.01 

196F196L 

1.09 

201N201H 

1.49 


321 


WO 2005/056782 


PCT/US20O4/040438 


GC821-2 


The following Table provides variants that have a PAD PI that is greater than 1 .5, 
a PAF that is greater than or equal to 0. 1 , and a protein PI that is greater than or equal to 
5 0.1 


Table 10-9 
withP^ 
protei 

. PADPI>1.5 
LF>0.1 and 

Wild- 
Type 
Amino 
Acid/ 
Pos, 

Variant 
Amino Add 


Ml L 

K3 A, C, H, I, L 

R4 A 

15 A, C, E, L 

L6 A 

C7 K 

T13 A,C 

C,E,G,H,L, 

18 Q,R,V,Y 

B20 C,Q 

D21 A, G, K, L, Y 

G22 A 

P24 L 

E26 L 

R27 A, K, L 

F28 D,L 

30 T, V 

ID31 L.N 

A,D,E,G,I,K, 

V32 L»M,N,Q,W 

R33 C, G, K, L 

T35 A, C, I, M 


Table 10-9 
with P^ 
protei 

. PADPI>13 
IF > 0.1 and 
ii PI >0.1 

Wild- 
Type 
Amino 
Acid/ 
Pos. 

Variant 
Amino Acid 


G36 

Q40 
Q41 
G43 
A44 
46 
(V48 
[49 
E51 
L53 


N59 
D61 
N69 


S72 

P75 
S76 
T80 


K 

D, G,K,S,T, 
W,Y 

A, K, L 

E, L 
C 

L 

A,C,L,M,P 

A 

A 

H 

A,C,D,E,F, 

G, K,L,Q,S, 
T,V,W,Y 
I,K,R 

H, I,K,V 
A,C,G,H,M, 
N 

D,G,K,S,T, 
W, Y 

D, E, G, M 
G 
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Table 10-9 
withP^ 
protei 

. PADPI>1.5 
IF > 0.1 and 
n PI >0.1 

Wild- 
Type 
Amino 
Acid/ 

Ppf5, 

Variant 
Amino Acid 


H81 M 

P83 A,M 

D85 F, G 

L86 C 

V87 C,L 

189 A 

T96 A,C,L»M 

A98 D 

F100 A,M 

R102 A,L 

P104 C,E,I,M 

L105 C, F, W 

D106 V 

I1Q7 T 

G110 E,L 

VI 15 G 

Q117 A, M 

VI 18 Q 

T120 E,I,Y 

S121 A, C, V 

T128 F, K, L, R, Y 
A,C,E,G,L, 

P132 Q, S, Y 

K133 L 

V134 A, M 

V136 A 

P140 A 

P144 H,Y 

P146 C, F, H, L 

P148 F 


Table 10-9 
with 
protei 

. PADPI>1.5 
IF > 0.1 and 
nfl >04 

Wild- 
Type 
Amino 
Acid/ 
Po?t 

Variant 
Amino Acid 


A, C, D, E, H, 
Q151 K,P,R,S,T,Y 
L152 W 
1153 F,H,K,P,S,T 
F154 Y • 


A,L,M,N,P, 
E155 Y 
G156 D,M,T 
G157 H 

F, K, L, M, N, 
El 58 Y 
T161 M, Q 

C,F,G,H,I,K, 

L,M,N,P,Q, 
T162 S, W, Y 
B163 A, L, Y 
A165 D,L,M 
R166 A, D, H, L 

A, C, D,G, H, 

L,M,P,Q,R, 
V167 S,T,Y 
Y168 F, L 
S169 I 

A, C, F, K, M, 
L171 N, Q, S 

A,C,E,F,I,K, 

L,M,P,R,V, 
SI 73 W,Y 
F174 A, L, M, Y 

A, D, E, G, K, 
P178 L.M.O.S.T. 


323 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 


Table 10-9 
with Pi< 
protei 

. PADPI>1.5 
LF>0.1and 
n?I >0,l 

Wild- 
Type 
Amino 
Add/ 

Pps, 

Variant 
AminpAtfd 


V,Y 
F179 L 
G190 A, H, M 


A,C,D,E,F, 
K, L, M, Q, R, 

V191 Y 

G193 S,V 

T197 M 

C,L,M,N,P, 

E198 R,W,Y 

A199 C,K,L,Y 

A,C,E,F,G, 
H,I,L,M,S,T, 

R202 W 

D203 A,C,H,L,R 

G205 A 

C,E,F,G,H, 
K,L,M,N,P, 

V206 R 

A209 E, L 

E210 D,K 

Q211 M,N,P 

A,C,D,F,G,I, 
K,L,R,T,V, 

S214 W, 

L215 E,M,T,V,Y 
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The following Table provides variants with a PAD PI that is less than 0.5, a PAF 
that is greater than or equal to 0.1, and a protein PI that is greater than or equal to 0.1. 


Table 10-10. PAD PI < 0.5 with 


Table 10-10. PAD PI < 0.5 with 

PAF>0.1. and Protein PI >0.1 


_JPAF >0.1. and Protein PI >0.1 

Wad-Type 
Residue/Pos. 

Amino Acid 
Variants 


Wad-Type 
Residue/Pos. 

Amino Acid 
Yariairtfe) 

A2 

Y 


E47 

p 

R4 

I.L.V 


V48 

s 

15 

S 


149 

P.R 

L6 

S.T.V 


E50 

V 

F8 

R 


E51 

LV 

D10 

G 


G52 

H.L.S.V 


A,C,F,G,K,Q,R, 


L53 

E.G.K.R.S 

L12 

S.T.V 



F,G,I,K,L,R,T, 
V.W.Y 


F,G,I,K,L,R,S, 


S54 

W14 

T.V 


A55 

I.R.T.V 

G15 

C.N 


R56 

C.G.S.T 

P18 

S 


T57 

C.N 

V19 

M.O.R 


T58 

A.M 

G22 

FCW 


^59 

M.R 

A23 

G.R.S. 


160 

P 

T25 

G,H,I,K,L>M,P, 
R.W 


D62 

C,G,H,I,L,R,S, 
T.V.W 

E26 

N.S.T.W 


T64 

R 

R27 

P.T. W 


D65 

H.R.S.V.Y 

F28 

G 


P66 

G.N.O 

A29 

T.V 



E,F,G,L,N,P,Q, 
T.V.W 

135 

N,Q,V 


R67 

G36 

S.T 



A, C,E,F,G,H,M, 
N.P.O.R.S.T.Y 

L38 

G.S 


L68 

041 

S.V 


N69 

Y 

L42 

O. S.T 


G70 

C.T 

G43 

P.O.S.V 


S72 

W.Y 

D45 

R- S.T 


Y73 

L.R 

F46 

r 


P75 

M.R 


325 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 


Table 10-10. PAD PI < 0.5 with 
PAF >0.1. and Protein PI >0.1 

wiMl-lype 
jvesi u u c/ roSt 

Ammo Acid 

van ami si 


P W Y 

P77 

P W V 

f 7ft 

IVl 

A 70 

p C 1J X if MAP 

TOA 

1 oU 

IT T v T TIT V" 

LJQ1 

K, Y 


id, K. b. 1, V. W 

P83 

TV 

L84 

A. T. V. W 

D85 

I. L. V. W 

L86 

H. S. T. V. W 

V87 

A, F, G, S, T, Y 

188 

T. V 

fori 

189 

S 

M90 

S.T.V 

L91 

T.V 

T93 

S.Y 

N94 

H.L,T,V 

r96 

I,R,W,Y 

C97 

G,LL,P,Q,S,T, 
V, Y 

A98 

T 

Y99 

s,v 

F100 

E.K.W 

R101 

K.O.V.W 

R102 

C.G 

T103 

A,C,F,G,H,LK, 

L,N,P,R,S,V,W, 

V 

PI 04 

R.T 

LI 05 

V 

1107 

P.O 

L109 

A.. D. E. F. H. I. O. 


Table 10-10. 
PAF>0.1.an 

PAD PI < 0.5 with 
d Protein PI XU 

Wild-Type 
Residne/Pos. 

Amino Acid 
Variantfsi 


R.S.W 

G110 

O.S.T 

Mill 

G ILR. S 

S112 

HJL V. Y 

LI 14 

o 

T116 


VI 1R 
t no 

P P w 

LI 19 

p n f f n w i 
i^, c, r, u, xi, i, 

N R. S T V W 

T120 

H 

oiZl 

P 

A 177 

D,E, F,G,H,K,R, 


p 

G124 

A, n, J, m, v& Xv, 1, 
V.W 

VI 7S 

V I Z-*J 

Jw^ JV ? W 

G126 

r v y 


F T T O 

Y129 

A D G K T M 

*Vj I-/, VJ, XV, XV, IVi, 

R. T. V. W 

P130 

A,E % RG.H LL. 
S.T.V.W 

A131 

D,W,Y 

PI 32 

F,H,LT,V 

K133 

A,C,G,H,I,M,T, 
V 

LI 35 

F. O. S. T. V 

VI 37 

S 

S138 


P139 

s 

P140 

s 

P141 

G.LO.R.S.T.V 
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Table 1O-10. PAD PI < 0.5 with 
PAF>0.1. and Protein PI >0.1 

Wild-Type 
Residue/Pos. 

Amino Acid 
Variantfs) 

LI 42 

O. S.V 

A143 

G. P.W 

M145 

E. G. W 

W149 

S.T 

F150 

G. N. P. W 

El 55 

F.R.V 

G156 

I 

G157 

R. S. V 

0159 

A. CP 

K160 

G 

T161 

G.H.R.W 

El 63 

F.R 

Y168 

C.I.V 

A170 

LS 

A172 

(XV 

F174 

C. O. W 

F179 

as 

0190 

s.v.w 

VI 91 

G.H.I.N.S.W 

G193 

CRT 

1194 

A. C G. S 

F196 

G.O.W 

T197 

R 

N201 

G,H,L,R,S,T,V, 
Y 

D203 

V 

L208 

O.S.V.Y 

V212 

C5 

L215 

ICG.K.P.R 

L216 < 

3.LT 
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In addition to the assay results described above, various mutations were found to 
result in unstable protein such that perhydrolase protein was not expressed. Thus, in 
contrast to the substitutions that resulted in enhanced expression as compared to wild- 
type, there were some substitutions that are not as favorable, at least undo* the conditions 
used herein. However, it is not intended that the present invention exclude these 
substitutions, as it is contemplated that these substitutions, taken alone or in combination 
will find use in alternative embodiments of the present invention. 


i able j 
Produ< 

lu-ll. Mutations that 
ced Unstable Protein 

Wild- 
Type/Pos, 

Variant Amino Acid 

Ml 

A,E,F,G,K,N,P,R, 
S.T.W 

15 

W 

C7 

L.P.T.W 

G9 

A.C.E.K.L.P.O.R.V 

T13 

F.R. W 

G15 

H.K.LR.Y 

P18 

A 

D21 

V 

F28 

H,I,R 

R33 

D.E.H.P.W 

W34 

K 

T35 

K.L.P.W.Y 

G36 

j 

V37 

O.R 

L38 

W 

A39 


L42 

D 

A44 

D.H.P 

F46 

H 


Table 1 
Produi 

10-11. Mutations that 
ced Unstable Protein 

Wild- 
Type/Pos, 

Variant Amino Acid 

V48 

W 

E51 

P 

R56 

H.K.P.W.Y 

T57 

W 

T58 

E.G.K.P.R.W.Y 

L74 

D.H. P. O.R.T 

C77 

N.P 

L78 

A. P. R. S 

A79 

V 

L86 

F 

188 

R.Y 

189 

D.R 

L91 

H. K. P. R. W. Y 

G92 

A,D,L,M,P,R,T,W, 
Y 

T93 

P.R.V.W 

D95 

A, D, G, H, K, L, N, Q, 
R.S.T.V.W.Y 

K97 

D 

P104 

A. L 
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Table 
Prodn 

10-11. Mutations that 

ced Unstable Protein 

Wild- 
Tvpe/Pos. 

Variant Amino Acid 

L105 

A.M 

1107 

H.W 

A108 

D. R H. L N. P. R 

G110 

L 

LI 14 

F. K.R.W.Y 

VI 15 

H.K. 

V134 

D. K. R. W. Y 

V136 

R. W 

V137 

D. E. R P. R. W 

S138 

E. R H. L.M O. R_ W Y 

P139 

L. W. Y 

P140 

D. KL L M 

L142 

D, G. M.N.HT 

H147 

G 

F154 

E.L.P. 

H61 

D.E.P 

Y168 

D.E.H-K.N.P.R S r W 

L171 

D 

F179 

A.P.R 

F180 


D181 

P. H.LM.N 

A182 

K.K.L.M.W.Y 

1186 

K-W.Y 

T188 

0.K.P.O.W 

F196 

\. K. N. R 


The following Table provides performance indices obtained in PAF and PAD 
assays for various variants, as well as the protein performance index. 
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Table 10-12. P< 

erfonnance Inc 

ices 

WM-Tvoe 
ResJ 

Mot 

PAF 
PI 

PAD 
W 

Prot 
PI 

Ml 

A 

-0.12 

-0.12 

-0.01 

Ml 

E 

-0.12 

-0.12 

• -0.01 

Ml 

F 

-0.12 

-0.12 

-0.01 

Ml 

G 

-0.12 

-0.12 

-0.01 

Ml 

I 

0.96 

1.19 

0.31 

Ml 

K 

-0.12 

-0.12 

-0.01 

Ml 


0.75 

. 2.11 

0.3Q 

Ml 

M 

1.00 

1.00 

1.00 

Ml 

N 

-0.12 

-0.12 

-0.01 

MI 

P 

-0.12 

-0.12 

-0.01 

Ml 

R 

-0.12 

-0.12 

-O.01 

Ml 

S 

-0.12 

-0.12 


Ml 

T 

-0.12 

-0.12 

-Q.QI 

Ml 

V 

0.87 

0.94 

0.5? 

Ml 

W 

-0.12 

-0.12 

-0.01 

A2 

A 

1.00 

1.00 

1.00 

A2 

D 

1.30 

1.05 

077 

A2 

E 

0.61 

1.38 

0.52 

A2 

F 

• 1.24 

0.93 

0.89 

A2 

G 

L15 

0.84 

0.95 

A2 

I 

1.18 

0.61 

l.?5 

A2 


0.93 

0.59 

1,30 

A2 

> 

0.52 

1.17 

0.68 

A2 

0 

0.81 

1.29 

0.65 

A2 

R 

0.90 

1.17 

0.70 

A2 

S 

1.01 

0.66 

1.15 

A2 

T 

0.98 

0.61 

1.17 

A2 

V 

0.89 

0.60 

1.18 

A2 

W 

1.75 

1.17 

0.53 

A2 

Y 

0.84 

0.46 

1.61 

K3 

A 

0.86 

2.14 

0.48 

fC3 

C 

0.81 

1.52 

0.67 

O 

E 

0.12 

3.51 

0.11 

fC3 

G 

0.72 

3.74 

0.08 

K3 

H 

1.01 

1.89 

0.30 

K3 


1.05 

2.44 

0.16 


Table 11 

M2. P< 

erformance Inc 

Lfces 

WUd-Typc 
ResJ 
Pos. 

Mnt 

PAF 
PI 

PAD 
PI 

Prot 
PI 

K3 

K 

1.00 

1.00 

1.00 

K3 

L 

1.04 

1.84 

0.50 

K3 

M 

0.85 

1.44 

0.71 

K3 

P 

0.80 

1.45 

o.» 

£3 

0 

0.87 

1.19 

0,6? 

£3 

R 

0.87 

129 

0.46 

K3 

s 

0.94 

1.17 

0.44 

fC3 

T 

1.01 

1.03 

0.71 

K3 

V 

0.81 

0.84 

0,33 

S3 

y 

1.06 

1.39 

Q$<? 

M 


0.41 

1.64 

0.29 

*4 

c 

0.71 

1.34 

o.?5 

R4 

p 

0.27 

1.18 

0,32 

R4 

E 

0.32 

0.97 


R4 

Q 

0.79 

0.79 

0.41 

R4 

H 

0.92 

0.99 

0.59 

R4 

I 

0.24 

0.15 

Q.J8 

R4 

h 

0.21 

-0.03 

0.18 

R4 

P 

0.14 

1.44 

0.13 

(W 

b 

1.03 

0.99 

0.70 

R4 

R 

1.00 

1.00 

hOO 

R4 

S 

0.65 

0.91 


R4 

T 

0.80 

1W 

0.69 

*4 

V 

0,2? 

0.08 

0.22 

R4 

w 

0.04 

0.48 

0.12 

R4 

Y 

0.63 

0.98 

0.39 

15 

A 

0.60 

1.88 

0.62 

15 

C 

0.44 

2.47 

0.54 

15 

D 

-0.13 

3.11 

0.06 

15 

E 

0.67 

1.59 

0.33 

15 

F 

-0.13 

0.15 

0.06 

15 

G 

0.05 

-3.88 

0.10 

15 

H 

0.55 

0.63 

0.18 

15 


1.00 

1.00 

1.00 

15 

L 

0.80 

1.63 

0.96 

15 

M 

0.63 

1.09 

1.29 
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Table 1 

IP 

Performance Indices 

Wild-Type 
Kesj 
Pos. 

Mnf 

PAF 
P* 

PAD 
PJ 

Prot 
PI 

15 


-0.12 


<U2 

15 

p 

-0.12 

-0.8* 

> 0.08 

15 

D 
IV 

-0.13 

-6.4J 

0.08 

[«? 

O 

1,P2 

0.3^ 

0^9 

i-j 

T 

1J2 

0.72 

0.?5 

re 

V 

0.94 

0.92 

0.54 

O 

W 

-0.13 

-0.44 

-0.01 

LO 

A 

0.87 

l r 99 

0.26 

LO 


0.85 

1.22 

0.55 

LO 

b 

-0.20 

-0.59 

0.09 

LO 


0 r ?3 

-3r4? 

0.12 

LO 

i 

0.23 

-|.0? 

0.09 

lo 


107 

0.82 

0.86 

I £ 
LO 


0.4 

-Mfi 

0.05 

LO 

r 

L 

LOO 

1.00 

1.00 

LO 

Ml 

0.92 

1.44 

0.63 

LO 

Q 

-0.20 

-1.63 

0.12 

LO 

K 

0.06 

-1.59 

0.12 

LO 


0.58 

-1.26 

0.23 

^0 

t 


0,35 

0.40 


v 

1.07 

0.35 

0.44 


W 

0.06 

-2.97 

0.09 

LiZ 

A 

1.42 

1.03 

1.22 

P7 

r» 

U 

1.00 

1.00 

l.QQ 

C7 


-0.26 

1.63 

0.20 

C7 

5 

1.39 

0.69 

1.07 

C7 


1.73 

137 

0.41 

C7 


• 1.76 

1.48 

0.31 

C7 


2.69 

2.95 

0.21 

C7 


-0.26 

-0.16 

-0.01 

C7 


1.13 

0.68 

1.03 

C7 

> 

-0.26 

-0.16 

-0.01 

C7 


0.22 

-1.04 

0.15 

C7 


0.62 

-2.83 

0.10 

C7 


-0.26 

-0.16 

-0.01 

C7 

V 

-0.26 

-0.16 

-0.01 


TflWeJ 

0-12. P 

tor-form 

ancein 

Mws _ 

ResV 

P0?T 


PAF 

PIT. 

PAD 

. PI 

Prot 
PI 

C7 . 

y 

2,0$ 

> 0.54 

Pr67 

F8 

A 

0.5< 

1,33 

0.96 

F8 

c 

_.r0 r l 

4 f Q) 

0.JP 

F8 

F 

1.0C 

1.0? 

IrPP 

F8 

G 

1.09 

P,« 

1,0? 

F8 

H 

1.02 

0.64 

0.97 

F8 

K 

0.81 

0,8? 

0.95 

F8 

I 

0.77 

UJ 

0.90 

F8 

M 

. P5« 

111 

1,Q5 

F8 

N 

-0.1 1 

0.96 

1-23 

F8 

P 

1.00 

0.83 

l.pi 

F8 


1.43 


0.73 

F8 

s 

0.71 


0.13 

F8 

r 

0.88 


P,94 

F8 

V 

US 

Pr?5 

Q,S? 

F8 

Y 

P,°6: 

0.9p 

P,?5 

G9 

A 

-0.15 

-0.18 

-0.01 

G9 

C 

-0.15 

-0.18 

-0.01 

G9 


-P-f5 

-0.18 

-0.01 

G9 

0 

1.00 


1.00 

G9 

H 

0.2? 

-0.06 

Pie 

G9 

K 

-p.15 

-0.18 

-0.01 

G9 


-0.15 

-0.18 

-0.01 

G9 

> 

-0,15 

-0.1? 

-0.01 


V 

. -0.1? 

-0.18 

-0.01 

G9 


-0.15 

-0.18 

-0.01 

G9 

r 

0.21 

-2.56 

0.12 

G9 

V 

-0.15 

-0.18 

-0.01 

D10 > 

\ 

-0.29 

-14.24 

0.02 

D10 

3 

1.00 

1.00 

1.00 

D10 


0.01 

0.15 

0.72 

D10 

J 

0.41 

-0.92 

0.17 

D10 


1.28 

-6.86 

0.04 

D10 

c 

2.13 

-5.30 

0.02 

D10 


3.97 

2.04 

0.02 

D10 

A 

-0.29 

-5.94 

0.04 
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Table 10-12. Performance Indices 

Wild-Type 

TOa* / 

Pos. 

Mut. 

n A 17 

rAJK 

PI 

PI 

JrroL 
PI 

D10 

M 

A 1G 

-9 9** 

ft ft7 

D10 

p 

-ft 90 


ft ftS 

nift 

D 
IV 

ft 99 
V ^ 

-f JO 

ft ft£ 


C 

ft 70 

-ft *;ft 

ft CMS 
U.UO 


T 
X 

1 A1 
1.4/ 

-U.43 

A A£ 
U.UO 

run 

V 

A OQ 

u.yc 

A oo 

-4.zZ 

A A< 
U.UO 


w 

■lie 

1 *7A 

A AO 
U.Uz 


V" 
Y 

1 Cl 

A AT 

-4.97 

A Al 

CI 1 

ol 1 

A 

a k 

A Cl 

0.53 

1 AA 

1.04 

CI 1 

P 

A OC 

A OO 

-0.22 

l T 0? 

Cl t 

oil 

b 

a oc 

-0,25 

A 

-0.2: 

l.Ol 

en 
SI1 

r 

a o c 

-0.25 


0.68 

c t t 

51 1 

G 

-U.z5 

A AA 

0.86 

C 1 1 

[T 

A OC 

-0.25 

A 11 

1.06 

Cl 1 

r 

I 

A O C 

-0.25 

A C£ 

0.56 

0.63 

Cl f 


A 1C 

-Q.?5 

A AA 

U.4U 


Cl 1 

oil 

f 

A 1C 

A 11 

-U.zz 

A CO 

Cl 1 
ol i 


A 1C 

A 0£ 

1 A1 

1.01 

Cl 1 


_A 

_A AO 

-y.u© 

A A.Q 

u.oy 

Cl 1 

ol 1 


1 AA 
l.UU 

1 AA 
l.UU 

1 AA 

l.op 

<J1 1 
Oil 

T 

1 

A f\A 
\J.\JH 

a ir 

A 59 
U.o / 

Cl 1 
Oil 

V 

A Al 
U.U3 

A 1 C 
-U.l J 

A <Q 

f 19 

A 

fx 

i in 

A (Y7 

A 91 

L12 

c 

2 20 

0.22 

0.81 

L12 

D 

0.04 

0.00 

03? 

L12 


0.13 

0.17 

0.60 

L12 

G 

0.44 

-0.06 

0.60 

L12 

H 

0.02 

0.16 

0.77 

LI? 

K 

0.18 

0.13 

0.40 

L12 

L 

1.00 

1.00 

1.00 

L12 

N 

6.53 

0.66 

1.06 

L12 

> 

0:03 

-0.16 

0.31 

L12 

0 

2.65 

0.22 

1.05 

LI 2 

R 

0.23 

-0.02 

0.34 

L12 

S 

0.54 

-0.07 

0.80 

L12 

r 

0.68 

0.06 

0.89 


Table 10-12. Performance Indices 

Wad-Type 
KesJ 

P#w_ 

Mnt 

PAF 
Pi 

PAD 

PT 

Prot. 

PY 

r 19 

V 

ft OS 

-ft ft*. 

ft <\ 

F 19 

TW 

ft ftl 

u.u r 

ft ft9 

A 11 

tii 
1 14 

A 

Q 

A 9«. 

1 OS 

A TO 

Til 

r* 
U 


1 « 

A TO 
0.7$ 

Til 
1 13 

Vt 

_A 1A 

1 AO 

A AA 
0.4* 

Til 


A 1A 

All 

-0.11 

A AO 

-0.02 

Til 


A 11 

0^2 

A Tl 

Q.77 

A Cl 

0.57 

Til 

1 13 


A tO 

0 f J2 

1 AC 

0.69 

Tl? 

r 

L 

A ce 

J. 47 

Pr76 

1*3 



1-47 

0r?4 

T13 

N 

-0.10 

2.61 

9r27 

ti i 
113 

n 

r 

r0.10 

2.73 


T13 

Q 


0 r ?l 

0.98 



-0.J9 

-0.11 

-0.02 

Til 

T13 

s 


. 0.68 


T13 

T 

1.00 

?.Q0 

IrOQ 

Tl 1 

TI3 

V 

A 1 A 

0.19 

0.63 

1J7 

Tl 1 

113 

W 

A t A 

A t 1 

-O.l 1 

A AO 

-0.02 

Wit A 

A 

A 

A 11 

a n 

0.27 

A AA 

0.94 

W14 


O.Uo 

0.15 

A OA 

0.80 

W 14 

c 
r 

A OA 

A 11 

S3.Z2. 

A Tl 

v\r\A 

Wi_4 

O 

A 1A 

U.3U 

f\ All 

-0.97 

A TA 

W 1** 


A 11 

UJ3 

A AO 


W14 

K* 
tv 

ft 90 

-ft 17 

ft 71 

.. —Mr/. 1 

W14 

L 

0.25 

-0.36 

0.82 

W14 

N 

-0.23 

-0.12 

0.81 

W14 

P 

-0^3 

-0.29 

0.34 

W14 

R 

0.23 

-0.40 

0.66 

W14 

S 

0.31 

-0.99 

0.69 

W14 

T 

0.24 

-0.77 

0.64 

W14 

V 

0.26 

-0.49 

0.58 

W14 

W 

1.00 

1.00 

1.00 

W14 


031 

0.66 

1.02 

G15 

A 

1.54 

0.61 

0.87 

G15 

C 

0.71 

-0.27 

0.66 

G15 

D 

-0.18 

0.01 

0.26 
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Table % 

0-12. P 

erforra 

anceln 

tikes 

Wild-Type 
ResJ 
Po& 


PAF 

PAD 
PI 

Prot 
PI 

GI5 

E * 

-O.li 

-1.42 

0.1 1 


G 

J.oc 

J.OC 

1.00 

Pic 

Q15 

H 


-0.14 

-0.01 



-0.18 

-0.14 

-0.01 

pic 

G15 


-0.18 

-0.14 

-0.01 

G15 

N 

0.46 

-0.63 

0.71 


P 

-0.18 

-5.42 

0.09 

Ql? 

R 

-0.18 

-0.14 

-0.01 

PI? 

s 

1 T 0? 

0.63 

0.76 

G15 

Y 

-0.18 

-0.14 

-0.01 

W16 

A 

0.12 

0 r 5J 

0,50 

W16 


0.02 

p.57 

0.32 

W16 


0.06 

0.65 

0.46 

W16 

G 

0.05 

-O.O7 

0.38 

W16 

H 

0.03 

-0.02 

0.55 

W16 

[ 

0.02 

i.oe 

0.74 

W16 

EC 

0.01 

1.03 

0.73 

W16 

L 

-0.48 

1.16 

0.76 

W16 

M 

0.04 

0.37 

0j<? 

W16 

N 

0.02 

-0.03 

0.43 

W16 

P 

0.03 

.. 0.1? 

0.37 

W16 

0 

0.05 

0.31 

0.47 

WI6 

I 

0.03 

-0.41 

0.30 

W16 

s 

0.09 

-017 

039 

» 10 

r 
L.. 

ft A1 

-U.JI 

U.4I 

W16 

V 

0.01 

0.88 

0.76 

WI6 

W 

1. 00 

1.00 

1.00 

W16 

Y 

0.22 

1.Q9 

1.02 

VI 7 


1.01 

0.68 

1.21 

V17 


0.82 

0.75 

1J1 

V17 


Q.92 

0.85 

1.09 

V17 


1.17 

0.84 

0.?3 

V17 


0.95 

0.99 

1.08 

V17 

C 

0.94 

0.84 

1.06 

V17 


0.90 

1.00 

0.76 

V17 

> 

0.77 

0.96 

0.97 


Table 10-12. Perform 

ncelm 


Wfld-Tvne 
Res7 
Pos r 

Mat 

PAF 
PI 

PAD 
PI 

Prot 
PI 

V17 

R 

1.1C 

0.94 

076 

V17 

$ 

0.96 

1.04 

0?9 

V17 

r 

0.93 

0.^ 

1.03 

V17 

V 

1.00 

IPC 

1.00 

V17 

Y 

0.9 

a?? 

9,99 

P18 

A 

-0.28 

-0.94 

-0,03 

P18 

C 

1.26 

4.16 

2.56 

P18 

E 

1.22 

4.8? 

2.47 

P18 

G 

1.07 

4.96 

2.47 

P18 

H 

1.12 

0,05 

2.50 

PI8 

L 

0.93 

7,40 


P18 

N 

1.33 

1,4? 


P18 

P 

1.00 

m 

1.00 

P18 

0 

1.12 


243 

P18 

R 

1.16 

?.*7 

2.01 

P18 

S. 

. 0.11 

0.07 

1,05 

P18 

V 

1.19 

4.85 

2.30 

P18 

Y 

1.33 

4.17 

1.68 

V19 

A 

0.61 

0.55 

1.23 

V19 

b 

0.77 

0.79 

0-?0 

V19 

E 

0.74 

0.62 

MO 

V19 

G 

132 

0.56 

1,39 

V19 

K 

0 f 96 

0.97 

1,03 

V19 


1,00 

0?1 

0.90 

V19 

M 

033 

0.12 

1.00 

V19 

> 

0.00 

-0.41 

0.76 

V19 

0 

0.93 

0.40 

1.07 

V19 

R 

J. 03 

0.34 

0.82 

VI? 

S 

1.24 

0.57 

0.80 

V19 

V 

1.00 

1.00 

1.00 

V19 


0.94 

0.70 

0.92 

E20 


1.29 

1.28 

1.08 

E20 

-» 

1.57 

1.76 

0.71 

E20 


0.87 

U4 

0.97 

E20 


1.00 

1.00 

1.00 

E20 ( 


236 

0.78 

1.11 
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— ^ appe j 

0-12. Perform 

ance Indices 

Wfld-Tvni 
Pos. 

."Mnt. 

PAF 

n 

PAD 
PI 

Prot 
...PI 

E20 


2.1/ 

J 1.2( 

) 0.92 

E20 

If 

2.2( 

) 0.72 

0.92 

E20 

N 

14< 

) 134 

1.01 

E20 

P 

1.0C 

) 1.4 

1.08 

E20 

Q 

1.21 

' 1.5« 

0.99 

E20 

s 

2.01 

us 

0.91 

E20 

T 

2.22 

125 

0.94 

E20 

V 

2.11 


1.01 

E20 

w 

2.94 

130 

.0.79 

D21 

A 

1.46 

1.75 

P,?4 

D21 

P 

1.00 

1,00 

1.00 

D21 

E 

0.84 

1.39 

0.85 

k>21 

« 

1.30 

1,41 

0.81 

D21 

Q 

U7 

}M 

0.93 

D21 

K 

1,?8 

. 1,80 

0-74 

D21 


1,4$ 

1.57 

0.82 

D21 

P 

0.81 

0.86 

0.74 

D21 

s 

1.24 

U> 

0.73 

D21 

IV 

-0.17 

-0.12 

-0.02 

D2I 

w 

1 55 

1.44 

001 

D21 

Y 

1.30 

2.01 

0.4? 

G22 

A 

1,5? 

1.66 

1.07 

G22 


0.15 

1.19 

0.56 

G22 


1.00 

1.00 

1.00 

G22 


0.37 

1.03 

1.03 

G22 

fc 

0.23 

-0.22 

0.78 

G22 

L 

0.38 

135 

0.84 

G22 

y 

0.28 

136 

0.80 

G22 


0.35 

1.44 

0.96 

G22 ] 


041 

0.56 

0.73 

G22 5 

5 

1.02 

0.98 

0.94 

G22 


1.03 

1.16 

0.80 

G22 

/ 

0.40 

0.85 

0.8? 

G22 > 

V 

0.25 

0.23 

0.58 

A23 / 


1.00 

1.00 

1.00 

A23 F 


0.05 

0,44 

1.03 



'erform 

ance Indices 

WAd-Typel 
ResV 

PW. MM 

DAI? 

i At 
PI 

PAD 
PI 

Prot 
PI 

A23 fc 

0.4f 

.. o r y v 

0.93 

A23 Ih 

0 U 

> 1,04 

Pr93 

A23 

L 


> 13C 

0.75 

A23 

M 

v.o. 

0.95 

0.90 

A23 

P 

nil 

-V.I 

0.73 

0.82 

A23 



0J3 

0.91 

A23 

R 

on 

0.28 

0.80 

A23 

S 

u.oy 

034 

0.87 

A23 

V 

a oa 

0.60 

0.73 

A23 

w 

a oo 
u.zy 

0.80 

0.71 

A23 

Y 

A Oft 

0,90 

0/73 

P24 

A 

a <a 


0?3 

P24 

C 

A d4 

104 

0.87 

P24 

G 

A AQ 

070 

1,34 

P24 

H 

A AO 

0,97 

u? 

P24 


A /tl 

0.85 


P24 

FC 

A O 

1.36 

0.71 

P24 


A ^ft 

U.Ji 

1,51 

1.06 

r/f 

> 

i aa 

1.0Q 

J.Q0 

P24 

0 


0,6? 

0,93 

P24 

R 

ft 

0.91 

0.85 

P24 

S 

ft 

V.J* 

0.61 

Ul 

P24 


ft 44 

0.66 

1.43 

175 

\ 

1.33 

0.86 

1.23 

T25 

c 

0.67 

0.51 

1.37 

T25 

D 

0.03 

-0.07 

0.87 

1*25 

E 

0.08 

-0.29 

0.98 

T25 


1.86 

0.43 

1.27 

175 1 


0.42 

-0.02 

0.94 

175 1 


1.02 

035 

1.19 

175 

C 

0.36 

0.13 

0.87 

175 


0,40 

-0.04 

0.95 

T25 


0.29 

-0.10 

1.04 

T25 

> 

0.97 

-0.05 

1.10 

175 


0.32 

-0.06 

0.94 

T25 


1.60 

0.58 

0.95 
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Table 1 

0-12. P 

'erformance Indices 

WHd-TvDt 
Resi 
Pos. 


PAF 
PI 

PAD 
PI 

Prot 
PI 

T25 

r 

l.(K 

) 1.0 

1.00 

T25 

Y 

0.91 

0.5 

1.30 

T25 

V 

0# 

0.1-1 

0.86 

E26 

A 

1.93 

1.45 

0.79 

E26 

e 

1.4C 

1 0.94 

0.82 

E26 

D 

0,65 

1.35 

0.90 

E26 

E 

1.0C 

1.0C 

1.00 

E26 

G 

1.28 

0.8-3 

0.82 

E26 

H 

1.33 

11? 

0,71 

E26 

K 

1.46 

1.47 

077 

E26 


1.30 

lr71 

0,77 

E26 

M 

2.00 

1.10 

0.89 

E26 

N 

1.37 

0.48 

0.88 

E26 

p 

0.43 

0.99 

0.63 

E26 

R 

1.4? 

Q,?l 

0.77 

E26 

S 

1.27 

0.28 

0.92 

E26 

T 

1.44 

0.40 

0.82 

E26 

V 

1.39 

0.97 

0.85 

E26 

W 

1.25 

0,47 

0.68 

R27 

A 

0,45 

2.78 

0 r $7 

R27 : 

C 

Q.3J 

0.58 

0,50 

R27 


048 

0.93 

0.46 

R27 


0.42 

0.84 

0.24 

R27 


0J2 

1.41 

... 0.7Q 

R27 


1.22 

1.55 

0.69 

R27 


0.48 

2.60 

0.51 

R27 

> 

0.93 

0.48 

0.46 

R27 


1.00 

1.00 

1.00 

R27 i 

5 

0.53 

0.69 

0.56 

R27 

r 

0.41 

0.01 

0.74 

R27 i 


0.71 

0.94 

0.85 

R27 \ 


0.21 

-0.59 

0.33 

F28 / 


1.27 

1.48 

0.92 

F28 

-» 

0.93 

1.21 

0.87 

F28 


0.67 

2,07 

0.40 

F28 


0.51 

1.04 

0.85 


Table 1 

0-12. I 

'erform 

ance Indices 

vYilo-lypc 
Res7 
Pos. 

Mat. 

PAY? 

PI 

PAD 

w 

Prot 

pi 

F28 

F 

1.0( 

IM 

1.00 

F28 

G 

0 7 A 

-1.53 

0.50 

F28 

H 

-0.2C 

4).1£ 

-0.01 

F28 

I 

-0.2C 

» -0.19 

-0.01 

F28 

L 


> 2.0? 

0.51 

F28 

M 

1 11 

1,37 

0.70 

F28 

p 

u.uz 

0.39 

0.42 


R 

*> 


-O.JP 

-0.01 

If28 

C 
o 

1 A^ 

0.7? 

0.82 

If28 

V 


0.53 

0.85 

IF28 

W 


1.17 

0,3? 

R2K 

v 



0,77 


A 
f\ 


1.00 

1,00 



f Afl 

145 

0.76 


n 

A AT 

1.00 

l.OS 


c 

l t |2 

0?4 

1.02 

A29 

CI 

vjr 


0.80 

1.22 

A29 

tut 

r 


0.77 

1.06 

A29 

> 

A 7U 

o.« 

1,07 

A29 

R 


0,73 

0,81 

A29 

C 
^> 


0-55 

1.05 

A29 


1 4? 

0.47 

1,02 

A29 

\r 

1 R0 

1 ,ov 

0.44 

1,05 

A29 

w 

1 91 

0.74 

0.82 

A29 

Y 

1.70 

0.5? 

0.96 

P30 


1.05 

0.92 

1.15 

P30 


1.01 

1.24 

1.20 

P30 


0.90 

1.09 

0.99 

P30 


1.01 

1.08 

1 05 

P30 


0.97 

1.38 

0.95 

P30 

c 

1.21 

1.39 

1.06 

P30 


0.96 

1.17 

1.07 

P30 


0.96 

0.79 

0.94 

P30 

> 

1.00 

1.00 

1.00 

P30 


1.01 

0.91 

1.06 

P30 


1.16 

1.14 

0.94 
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Table 10-12. P 

erformance In< 

aim 

tt iiu- 1 ypc 
ResV 
Pos. 

Mut 

PAF 
PI 

PAD 
PI 

Prot 

n 

P30 

S 

1.03 

1.4S 

> 1.12 

P30 

r 

1.05 

1.64 

1.00 

P30 

v 

1.06 

1.74 

0.99 

P30 

Y 

0.79 

1 31 

1.04 

D31 

A 

1 24 

1.18 

0.80 

D31 

D 

l.OO 

1.00 

1.00 

D31 

E 

1 13 

0.88 

0.93 

D3I 

p 

1 44 

L22 

0.65 

D31 

G 

1 44 

1 . lO 

0.79 

D31 


1.81 

I.O 

0.65 

D31 

M 

1 34 

1 SS 

0.62 

D31 

o 

1.07 


0.74 

D31 


1.22 

1 40 

0.50 

D31 

s 

1 is 

1 91; 

0.55 

D3I 

T 

1 4S 

1.11 

P,76 

D31 

v 

1.28 

1 OR 

0.50 

D3I 

w 

1.83 

1.14 

0.60 

V32 

A 

0.43 

3.64 

1.10 

V32 

D 

0 45 

4.19 

0.95 

V32 


0.57 

3 92 

1.00 

V32 

G 

0.58 

2 65 

on 

V32 


0.91 

3.51 

1.08 

V32 

K 

1.09 

4.73 

0 T 75 

V32 


Q.96 

4.72 

1.01 

V32 

M 

0.64 

3.41 

1.11 

V32 

N 

0.54 

1.61 

0.99 

V32 

> 

0.01 

-1.17 

0.31 

V32- 

0 

0.64 

1.74 

1.03 

V32 

Et 

1.05 

0.72 

0.51 

V32 

5 

0.77 

1.0? 

0.85 

V32 


1.00 

1.00 

1.00 

V32 y 

SV 

0.94 

1.71 

0.70 

R33 t 

\ 

0.20 

1.32 

0.52 

R33 ( 


0.44 

1.73 

0 T 95 

R33 


-0.16 

-0.30 

-0.02 

R33 


-0.16 

-0.30 

-0.02 


Table 1 

0-12. P 

erformance Im 

Sices 

Wild-Type 

ResV 
. Pos. . 

JVfut, 

rAr 

PT 

— £1 — 

PAD 

PT 

Prot 
PI 

R33 

G 

ft fA 

? in 

0.47 

R33 

H 

-v.n. 

A If 

-0.02 

R33 

K 

A 

2.72 

6.?1 

R33 

L 



074 

R33 

N 

a on 

u.yi 

, 13 

0.92 

R33 

P 

A 1£ 

A 

-0.3i 

-QO? 

R33 

R 

1 AA 

1 AD 

1. 01 

1.00 

R33 

S 

i aa 
1.01 

1 At 

1.0 

0.79 

R33 

Y 

0.5Q 


0.?9 

R33 

w 

-0.16 

-030 

-0.02 

W34 

*i 



P-4J 

W34 

Q 

A if 

-0.15 

1.49 

0.52 

W34 

E 

A 1 f 

-0.15 

-1.86 

0.17 

W34 

Q 

A 11 

0.12 



W34 

I 

A 1 O 

0.94 

0.75 

W34 


A t C 

A 1 f 

-0.15 

-0.02 

W34 

M 

A 1 C 

L22 

0.91 

W34 

P 

- A 1 C 

1.2| 

0.26 

W34 

0 

A AO 

A l\A 
U.IK 

0.25 

W34 

R 

A OO 

A 

-0.33 

0.16 

W34 

S 

A A*l 

A AO 

0?9 

W34 

T 


A 1^ 

0.29 

W34 

V 

0.24 

0 73 

0.71 

W34 

w 

1.00 

1.00 

1.00 

135 

A 

0.45 

3.85 

0 r ?8 

135 

C 

0.55 

4.72 

1.16 

135 


0.30 

5.73 

0.26 

T35 


0.63 

538 

0.45 

135 

ft 

-0.13 

-0.54 

-0.01 

135 


-0.13 

-0.54 

-0.01 

W 

Vf 

0.17 

2.72 

0.40 

135 


0.20 

-2.29 

0.43 

135 

> 

-0.13 

-0.54 

-0.01 

135 


0.57 

-2.07 

0.52 

135 

< 

0.18 

-1134 

0.23 

135 

r 

1.00 

1.00 

1.00 
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Table 10-12. Performance Indices 

Wild-Type 
Res7 
Pos. 

Mnt 

PAF 
PI 

PAD 
PI 

Prot 
?I 

T35 

V 

0.71 

03A 

0.81 

T35 

w 

-0.13 

-0.54 

-0.01 

135 

V 

-0.13 

-0.54 

-0.01 

G36 

A 

0.63 

1.01 

1.00 

G36 

c 

0.53 

1.06 

1.09 

G36 

D 

-0.12 

2.5C 

0.28 

G36 

<5 

-0.12 

-0.1C 

-0.02 

G3$ 

H 

0.73 

1,10 

0.98 

G36 

I 

132 

L81 

0 T 31 

G36 

K 

l.?7 

171 

0 f 84 

e?e 


hZ4 

2.49 

0.39 


M 

0.85 

0.54 

0.85 

G36 

N 

0.4? 

05$ 

1,08 

53$ 

p 


-0.1Q 

-0.02 

<?3$ 

0 

0-5$ 

0.71 

1-07 

G36 


099 

0,90 

0.85 

G36 

s 

078 

0.2$ 

1.06 

G36 

T 

0.76 

0.33 

0.83 

G36 

V- 

0.9? 

•0.38 

0.42 

G36 

W 

0.91 

0.68 

<W, 

V37 

A 

1.25 

2.00 

0.63 

V37 

c 

1.09 

1.63 

0.68 

V37 

H 

1.21 

0.96 

0.78 

V37 

[ 

1.26 

1.04 

0.77 

V37 

L 

1.16 

1.16 

0.71 

V37 


0.90 

1.52 

1.0? 

V37 

P 

0.53 

2.10 

0.73 

V37 


-0.11 

-0.14 

-0.02 

V37 


-0.11 

-0.14 

-0.02 

V37 

3 

1.40 

1.49 

0.81 

V37 

r 

1.05 

0.81 

0.63 

V37 i 

/ 

0.1123 
9 

0.1441 

2 

-0.02 

V37 y 

iV 

0.92 

0.98 

0.62 

L38 > 

K 

0.59 

0.63 

0.78 


Table 1 

0-12. Performs 

Mice Indices 

WHd-Type 
ResV 

Mut 

PAF 
PI 

PAD 
PI 

Prot 
PI 


C 

0.64 

0,7? 

0.89 


D 

-0.15 

0.12 

0.24 


E 

-0.15 

-0.61 

0.26 


G 

015 

-0.72 

0.32 

L38 

K 

0.63 

-0.22 

0.16 

L38 


i T oq 

1.00 

1.00 

L38 

P 

-0.15 

-0.78 

0.28 

L38 

0 

-o.j? 

-0.02 

0.47 

L38 

R 

-0.15 

-0.96 

034 

L38 

S 

0.38 

0.29 

0.48 

L3? 

V 

0.88 

1.12 

0.73 

L38 

w 

-0.15 

-0.11 

-0.02 

A39 

A . 

1.00 

1.0Q 

1.00 

A39 

Q 

Pr$3 

0.92 

0.50 

A39 

g 

1.09 

0.83 

1.03 

A39 

F 

-0.17 

-0.11 

-0.02 

A3? 

c? 

1.17 

0.30 

0.92 

A39 

I 

1.2$ 

0.71 

0.91 

A39 

K 

l t 36 

0-?$ 

0.90 

A39 

L 

1.43 

o r ?7 

0.93 

A3? 

M 

0.52 

0.81 

0.46 

a in 

A?9 

N- 

0 f 51 

0.43 

0.45 

a in 

A39 

P 

0 t 69 

0.74 

0.45 

AJ9 

R 

U7 

0.64 

0.94 


S 

0.49 

^.31 

0.1$ 

A39 

r 

1.26 

0.79 

0.92 

A39 


1.21 

0.98 

1.18 

A39 


1.23 

1.02 

0.94 

A39 


1.36 

1.13 

0.90 

O40 

0 

1.16 

1.59 

0,69 

O40 


1.08 

1.28 

0.81 

O40 


1.79 

2.17 

0.93 

O40 


2.58 

1.10 

0.49 

O40 1 

k: 

2.61 

3.64 

0.52 

O40 

L 

2.14 

1.49 

0.53 

O40 

Sf 

1.53 

1.00 

0.78 


337 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 


Table 10-12. Performance Indices 

Wild-Type 
Pos. 

Mut 

PI 

pin 
PI 

JCTOu 
PI 

O40 

p 

0 45 


0.24 

O40 

0 

1.0C 

1.0C 

1 OA 

O40 

R 


1 4fi 

0 fil 

O40 

*-r*v - 

s 

1 S7 

1 

0 517 

O40 

T 

7 01 

l .o . 

0 7S 


w 

w 


7 

A ^4 

O40 

v 

I 

1 fit 

1 ,53 

7 no 

A 

U.OJ 


A 

i\ 

1 fYX 

l.Ul* 


a hi 

fV41 


n 07 
u.y / 

1 AO 

A T7 

0-77 

f\d1 

IT 

H 

l.iz 

1 1/1 

1.1* 

a on 



If 

i iff 


A *7A 

u. /u 


r 

1 ATI 

1 AO 

A *7A 

u. /y 


p 

r 

U.ZJ 

. ...0,99 

0.45 


rv 

1 AA 
l.Ul 

1 AA 
l.Ul 

1 AA 


r> 
I\. 

i.iy 

1 *>7 

.,,1-27 



o 

Li i 

A 07 

A AO 


V 

1 fY7 
1 -U/ 

_A n< 

a on 

041 

w 

VT 

1 1/1 

U.Oo 

A 71 
I/. /I 

041 

X 

i no 

i.uy 

A 7A 



r 



A £8 
U.OO 

rtj** 

n 

j 

-ft 14 

-if. i*r 

rv-if 


L42 

7 

1 0.7 

1 09 

0 4R 

L42 

G 

1.17 

0.76 

0.50 

L42 

H 

1.92 

-0.3? 

0.15 

L42 


0.97 

0.66 

0.83 

L42 

K 

2.46 

1.41 

0.13 

L42 

L 

1.00 

1.00 

1.00 

L42 


0.78 

0.74 

0.95 

L42 

E> 

0.71 

1.34 

0.23 

L42 


0.57 

0.28 

0.40 

L42 

Et 

138 

0.64 

0.15 

L42 

5 

0.97 

0.45 

0.46 

L42 

r 

1.08 

-0.04 

0.41 

L42 1 


0.91 

0.73 

0.74 

L42 i 

sv 

2.06 

-0.70 

0.14 

G43 j 


1.49 

1.07 

0.45 


Table 1 

(M2. Performance Indices 

Wild-Type 
ResV 
Pos. 

Milt. 

PAF 

JrJ 

PAD 

Jrl 

Prot 

TOT 
PI 

G43 

r» 

U. 

1 AH 

1.4* 

A T1 

A 1C 

0.36 

G43 

c 
c 


1 00 

0.66 

G43 

G 

1 A/1 

1.00 

1.00 

G43 

WW 

ri 

. i t I7 

Q.9$ 

0.63 

G43 

r 

0.9^ 

0.77 

0.42 

G43 


1.42 

0.86 

0.65 

G43 

L 

1.22 

1.82 

0.42 

G43 

M 

l.?7 

0.88 

0.28 

G43 

P 

1.08 

031 

0.65 

G43 

o 

0.91 


0.63 

G43 

& 

.1-22 

.„.0,5° 

057 

G43 


148 

9r23 

, . 0,7? 

G43 

V 

0,93 

— Qr3? 

0.44 

G43 

v 


0.94 

036 

A44 


IrPP 

1.00 

' 1.00 

A44 

c 

1.80 

1.92 

0.46 

A44 

D 

-0.17 

-0.11 

-0.01 

A44 

r? 

E 

-0.17 

0.03 

0.10 

A44 

* 

2.84 

0.80 

0,99 

A44 

IT 

All 

-0.11 

-0.01 

A44 


1 ^1 

1.61 

Q°? 

0.87 

A44 

M 

1.20 

0.98 

071 

A44 

> 

a 17 

-Oil 
-v.l l 

A ftl 

A44 

R 

0.29 

-2.17 

0.08 

A44 

S 

0.52 

-0.92 

0.16 

A44 

r 

0.30 

-1.11 

0.14 

A44 

V 

2.13 

0.50 

0.94 

A44 

w 

1.40 

0.85 

0.61 

A44 

Y 

0.30 

-0.23 

0.10 

D45 


1.04 

0.84 

0.99 

D45 

c 

0.83 

0.84 

0.48 

D45 

D 

1.00 

1.00 

1.00 

045 

F 

1.11 

1.04 

0.66 

D45 

3 

1.13 

0.84 

0.94 

D45 1 

a 

1.13 

0.78 

0.70 

D45 ] 


1.34 

0.87 

0.86 
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Table 10-12. F 

Performance Indices 

Wild-Typ< 

M%KSJ 

Pos. 

Mat 

JrAK 
PI 

PAD 
PI 

Prot 

pf 

— A* 

D45 

L 

1 0* 

; a 7< 

u._ 

D45 

M 


J U. /i 


D45 

p 


: a « 
> Op: 

A 

u. /z 

D45 


I.U* 


r a oi 

D45 

^ — 

D 
IV 

1 J/! 

A vIC 

1 A TO 

' 0.72 

D45 

c 

111 

1 . 1 J 

A H 

A f\C 

0.95 


T 

1.27 

A ii 

0.4^ 

0.86 


V 

1 AC 

1.05 

0.5( 

0.70 


W 

1.15 


0.54 

F4/» 

A 
f\ 

0.5/2 

1.25 

1.05 

P4l? 

r* 

A OA 

1.16 

1.01 

*40 

U 

1.17 

1.39 

0.54 



1.25 


0?? 

R4f\ 





PAH 



0.94 

0.61 

to 

IT 

All 

-0.1 j 

-0.13 

-0.01 

R4A 


A OA 

0.91 

0.88 

9,9 1 

w 


1 AA 

1 .01 

1.46 

0.48 


a 

0. /5 

l-?4 

0.74 

F46 



.. 1-42 

0.?1 

F46 

> 

A /Cvl 
U.O* 

1 CA 

0.26 

F46 

J 

A *71 

„ o T /, 

A « 

u.oo 

A TO 

0.72 

F4£ 

r*tu 

r 

A Q£ 

A /fl 

U.43 

A TO 

0.79 

F46 

V 

0.82 

0 79 

0.89 

F46 

W 

0.94 

0.63 

0.91 

E47 

\ 

0.95 

0.76 

0.84 

E47 


0.83 

0.77 

0.99 

E47 


0.99 

0.98 

0.97 

E47 


1.00 

1. 00 

1.00 

E47 


1.09 

0.76 

0.96 

E47 


1.20 

1.10 

0.76 

E47 


1.27 

0.99 

0.93 

E47 


1.03 

1.15 

1.02 

E47 

C 

1.19 

1.06 

0.89 

E47 


1.00 

1.02 

0.96 

E47 

A 

0.90 

0.70 

0.84 


Table 10-12. F 

Performance Tn 

wees 

Wad-Type 1 
ResJ 

Ppfc Mnfc 

PAF 
W 

PAD 

..PI 

Prot 
PI 

E47 In 

0.91 

0.6; 

\ 0.99 

E47 IP 


> 03< 

i 0.49 

E47 

R 

IV 

2.4f 

o.6: 

0.75 

Err f 

o 

lJ2fi 

0.63 

0.83 

E47 

T 

1.9( 

0.84 

0.98 

V4R 

A 

fx 

0.6C 

UP 

0.47 

V4JI 

p 

0.83 

22$ 

0.91 

WASt 

ti 

0.02 

0.99 

0.18 

V4ft 

V*fo 

r 

0.67 

1.42 

0.57 

V4JI 


0.61 

0.?7 

0.25 

V*TO 

t 

OM 


0.91 

V4B 


Q.8? 

, h!9 

0.71 

V4R 

NT 



0.23 


p 

Ml 

3,9? 

034 

V4R 

r\ 

0.19 


0.32 

V48 

p 

0.76 

-1.17 

0.15 

VAR 


0.65 

0.42 

0.40 

V48 


1.00 

1.00 

1.00 

V48 

w 

-0.15 

-o t i? 

-0.02 

149 

A 

0.92 

\M 

0.58 

149 


1.02 

0.88 

0.75 

149 


1.34 

1.12 

0.28 

149 

H 

1.27 

0.74 

0.77 

149 

I 

1.00 

1.00 

1.00 

149 

EC 

1.23 

1.26 

0.72 

149 

L 

1.14 

1.03 

0.93 

149 

M 

1.01 

1.02 

0.69 

149 

P 

0.47 

0.16 

0.29 

149 

fv 

1.05 

0.29 

0.56 

149 < 


1.24 

0.79 

0.70 

149 1 


1.20 

0.97 

0.94 

149 i 


0.70 

0.68 

0.64 

149 


1.07 

1.02 

0.82 

E50 v 


1.1? 

1.23 

0.58 

E50 


0.78 

1.22 

0.80 

E50 


LOO 

1.00 

1.00 
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TaWfH 

M2. P< 

erforma 

n^elnd 


Wild-Type 

Re&J 
KP$i 

TVfiir 

PAF 
pt 

PAD 

PI 

ProL 

PT 

CPU 

a 

a ai 

111 

A £f\ 
U.OU 

RCA 

r 

A *M 

O.B4 

A <fi 

a /in 


V 

l.ly 

a on 
o.y / 

A /II 
0.41 



KA 

1 1 Q 

1.04 

A IS 

CCA- 

T> 

r 

a oc 

0.85 

t AO 

1.02 

A O 1 

O.7I 

too 

KJ 

O.yo 

A A1 

A OA 
0. /0 

CCA 

too 

n 
K 

0.46 

-0.77 

A OA 
0.20 


s 

0.87 

0.65 

0.76 

&50 

V 

1.00 

0.43 

0.81 

E50 

w 

0.75 

0.14 

0.19 

E51 

A 


2.72 

0.74 

$91 


0.66 

}.2$ 

0.91 

tact 

E51 


1.00 

1.00 

LOO 


G 

1.22 

1.34 

0.84 

PM 

I 

1.07 

0,04 

0.52 

P5J 

K 

038 

2.00 

036 

E51 

L 

1.11 

0,93 

0.57 

E51 

M 

0.40 

1.2Q 

0.84 

E51 

P 

-0.12 

-039 

-0.02 

E?C1 

E51 

0 

0.98 

0.76 

0.84 

cci 

r> 

035 

A AT 

-0.97 

0.29 


T 

1.18 

1.17 

0.48 

E51 

V 

1.47 

a io 

037 

a in 
0.70 


117 

w 

A A A 

0.44 

A 1*7 

0.17 

A OO 

V.Zz 


A 
r\ 

ft. C/1 


n on 

U.7W 

G52 

E 

-0.12 

0.55 

0.41 

G52 

F 

-0.12 

-0.08 

0.52 

G52 

G 

1.00 

1.00 

1.00 

G52 

H 

0.18 

-0.60 

0.49 

G52 

I 

0.10 

0.07 

0.80 

G52 

L 

0.17 

0.24 

0.58 

G52 

M 

0.05 

-0.64 

0.56 

G52 

P 

-0.12 

0.24 

0.76 

G52 

0 

-0.12 

0.28 

0.52 

G52 

R 

-0.12 

035 

0.18 

G52 

s 

0.13 

-0.18 

0.83 


TaWeJ< 

M2. P< 

tfforma 

ncelnd 


Wild-Type 
Res7 


PAF 

pf 

XX 

PAD 

PY 

Prot 

PY 


1 

A 1A 
U. 1U 


a n/% 
Oiq 


XT 

V 

A 1A 

_A 1£ 

A QA 
O.9O 

c*cn 

w 

A AO 

0.92 

0 An 

2,47 

All 
0rl3 

T <1 

L5? 

P 

A A1 

A A1 

A 0:0 

0. /z 

r ci 


A OO 

A 1 A 

A OO 

0,77 

L53 

G 

1 10 

132 

A 11 

0.33 

A OA 

O.oO 

L53 

IT 

C AC 

5.05 

1 OA 
lr/0 

A OO 

0.27 

L53 

I 

0.55 

0.66 

A OO 

0.88 

L53 

K 

0.89 

0.24 

0.70 

L5? 


1.00 

1.00 

1.00 

W3 

P 


-0.64 

9r07 


0 

1.48 

0.72 

. 0.89 



Q-2P 


0.66 

L53 

s 

1-1$ 

0.26 


L53 

T 

lt9? 

0.84 

075 

W3 

Y 

0r?2 

0.65 

0.88 

L53 

w 

0.02 

-0.07 

0.77 

S54 

A 

3.46 

1.41 

133 

S54 

c 

t o^r 

1.26 

A OO 

0.88 

101 

1.21 

S54 

D 

-0.17 

0.65 

1.08 

S?4 


A t*7 

-0.J7 

a on 

030 

I.lo 

Of 4 

S54 

r? 

A *7A 

0.74 

-0.14 

A A 1 

S54 

r 

1.43 

A IO 

0.17 

A Cll 

or 4 

o54 

IT 

ri 

a 10 
-O.I / 

A AA 

o.uu 

1 A< 

l r Oo 


1 
1 

d 7R 

*T. / O 

0 17 

A 04 

S54 


1.44 

0.08 

0.78 

S54 

L 

2.02 

0.26 

0.59 

S54 

M 

0.01 

0.48 

1.01 

S54 

N 

0.29 

1.29 

i.oi 

S54 


5.20 

130 

0.98 

S54 

0 

1.03 

0.53 

0.99 

S54 
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035 

0.84 

S54 

s 

1.00 

1.00 

1.00 

S54 

T 

1.46 

033 

0.88 

S54 

V 

4.72 

0.29 

0.95 

S54 

W 

0.11 

-0.07 

0.83 
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Table 10-12. Performance Indices 

wua-lypc 
Res7 
Pos. 

Mut 

PAP 
* AT 

PI 

i Ail 
PI 

rrou 
PI 

S54 

y 

03*3 

0.12 

* ft 80 

A55 

A 

-Oil 

-0.15 

\ ^0,01 

A55 

c 

0 \A 

\J2t 

t ft OR 

A55 

G 

1.69 

0 71 

ft OR 

A55 

H 

0.04 

ft 00 

ft 01 

A55 

I 


-ft 41 

ft fin 

A55 

K 

0 

V'J* 

1 OS 

l .ui 

ft £8 

A55 

L 

0.1 [ 

ft R"7 

U.o / 


A55 

N 

ft \d 


1 10 

l.lz 

A55 

p 

-Oil 

-ft fti 

"U.U.I 

ft QA 
U.O* 

A55 

R 

V.JO 

ft ?S 

ft OO 

A55 

s 

0.76 

ft R7 

11*9/ 

i ftfi 

A55 

r 

1 fiQ 

ft 49 

ft Ol 
V.Z 

A55 

v 

ft 40 

-ft ^1 

ft 0£ 

A55 

w 

ft ftft 

u T ui, 

-ft ft^ 

ft 

A55 

y 

ft ftft 

ft 1ft 
U. J c 

ft Oil 

R56 

A 

ft 7? 

ft AO 

u.oy 

ft 9< 
U.O 3 

R56 

c 

0.45 

-ft ft? 

~v.U^ 

ft Q1 

R56 

E 

-0 12 

-0ft4 
-u.u*t 

ft 1£ 

R56 

G 

0.30 

-ft SO 

ft S/\ 

R56 

H 

-0.12 

-ft ^7 

-ftft? 

R56 

K 

-0.12 

-0.37 

-ft ft9 

R56 

L 

0.05 

0.24 

0.87 

R56 

N 

0.18 

0.27 

0.31 

R56 

> 

-0.12 

-0.37 

-0.02 

R56 


0.01 

-0.01 

1.02 

R56 

El 

1.00 

1.00 

1.00 

R56 

5 

0.39 

0.12 

0.55 

R56 


0.10 

-0.37 

0.85 

R56 i 

iV 

-0.12 

-0.37 

-0.02 

R56 


-0.12 

-0.37 

-0.02 

T57 > 


0.60 

0.65 

0.59 

T57 ( 

~t 

0.60 

0.40 

0.85 

1*57 ( 


0.92 

1.05 

0.53 

T57 I 

I 

0.83 

0.61 

0.23 

T57 


1.19 

0.87 

0.65 


Table 1 

0-12. P 

erformance Indices 

Wild-Type 
ResV 

Pos. 

Mut. 

PAF 
rl 

PAD 
. PI 

Prot. 

n 

T57 

L 

0.62 

0.7t 

i 9 T 95 

T57 


f\ Of 

0.85 

> 025 



P 

. 93? 

-9S7 

.. 91? 

rj7 

R 

1.61 

. -0.6< 

9rH 

T57 

5 


Jr9 

0.88 

T57 

T 

JlrOC 

JOfl 

1.00 

T57 

V 

1.28 

0.87 

0.84 

T57 

W 

-0.08 

-0.10 

-0.01 

T57 

Y 

9r» 

0.55 

0.43 

T58 

A 


0.36 

0.76 

T58 

E 

-0.19 

-0.10 

-9r0? 

T58 

G 

-0.19 

-0.10 

-9 f 02 

T58 

H 

9r?? 

1.49 

9r74 

rj? 

& 

-9,1? 


-9 f 9? 

T58 

t 

0?8 

U2 

o T 7? 

T5? 

M 

0.56 

0.03 

0.50 

T58 

P 

.,-01? 

-o.i o 

-0.02 

T?8 

R 

-0.19 

-0.10 

-0.02 

T58 

S 


0.96 

0,?Q 

T58 

T 

JrW 

1.00 

LOO 

T58 

V 

o,$e 

. 9-9$ 

1.13 

T58 

w 

-0.19 

-0.10 

-0.02 

T58 

Y 

-ft 10 
-u. iy 

_n in 


N59 

A 

0.35 

10.44 

9-73 

N59 

C 

0.40 

J1.23 

0.78 

N59 

D 

0.52 

11.72 

0.67 

N59 

E 

0.66 

9.88 

0.38 

N59 


0.82 

10.23 

0.57 

N59 

3 

0.88 

10.00 

0.66 

N59 


0.89 

8.21 

0.31 

N59 

L 

0.88 

14.74 

0.32 

N59 I 

VI 

0.42 

-1.42 

0.72 

N59 1 


1.00 

1.00 

1.00 

NT59 

> 

0.12 

-55.11 

0.14 

N59 

? 

1.02 

1.86 

0.73 

N59 

1 

1.09 

-11.28 

0.39 
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Table 1 

<M2 r f 

erformance Im 

dices 

Wild-Type 
Res7 

..POS, 


PAF 
W 

PAD 
PI 

Prot 

KTCO 

5 


7.32 

0.74 


r 

1.01 

5.63 

0.56 

N59 

V 

0.81 

9.97 

0.96 

N59 

w 

U3 

12.8C 

0.59 

N59 


0.8C 

11.14 

0.61 

160 

A 

0.81 

0.79 

1.20 

160 

c 

0.69 

0.67 

0,?7 

160 

D 

0,83 

0.66 

0.56 

160 

E 

0.87 

0.92 

0.83 

160 

G 

1.00 

1.04 

0.86 

[60 

H 

1.0? 

1.07 

0.96 

[60 

[ 

1.0Q 

1.00 

1,00 

[$0 

K 

0.99 

0.96 

0.73 

[60 


0.95 

0.91 

|.Q2 

I$Q 

M 

0.96 

0.68 

1.14 

[60 

D 

0.23 

0.32 

0.31 

[60 

R 

1.00 

0.81 

Q.79 

160 

S 

0.78 

1.00 

0.92 

[60 

v 

0.87 

J -96 

1.06 

160 

Y 

0.78 

1.19 

9?9 

D61 

A 

0.70 

0.71 

1.41 

D61 

C 

0.79 

0.85 

0.92 

>61 

D 

1.00 

1.00 

1.00 

)61 

F 

191 

0.70 

0.61 


n 
\j 

0.81 

1.25 

f\ OA 

D61 

H 

1.44 

1.67 

0.97 

D61 

[ 

1.08 

1.66 

0.98 

D61 

\H 

0.92 

1.72 

0.97 

D61 

L 

0.80 

1.20 

1.00 

D61 


0.79 

1.00 

1.12 

D61 

> 

0.83 

1.13 

0 r 97 

D61 


0,8? 

1.16 

1.02 

D61 


1.11 

1.59 

0.6? 

D61 

5 

1.26 

1.35 

0.97 

D61 i 


0.95 

0.97 

1.J0 

D61 


0 r 84 

0.95 

1.03 


Table 10-12. P 

'erformance Indices 

wiio-Typc 

Dm/ 

Pos. 

Mnt. 

PI 

PAT* 

PI 

xTOu 

PI 

D62 

A 

-024 

0.11 

1.06 

D62 

c 

0.52 

t 0.49 

00*. 

D62 

E 

1.02 

0.6C 

ft 01 

D62 

G 

0.2S 

-0.2 

ft R/v 

D62 

H 


-ft 01 

ft RO 

D62 

I 

0 70 

-ft 9S 

ft 09 

D62 

L 

0 S1 

-ft n 

•V.J 1 


D62 

M 

ft (Y\ 

-ft 1A 

1 AA 

D62 

p 


-ft ss 

u.ov 

D62 

St . 

-ft Id 

-ft 1^ 

a ftA 
u.oo 

D62 

R 

ft 11 

-ft si 


D62 


ft S7 

-ft 1ft 


D62 

T 

ft 7A 

U. I\ 

_ft At 

A TA 

D62 

V 

ft (\1 

-ft ?A 

A ft*7 
U.5 / 

D62 

W 

ft SR 

-ft AS 

A *70 

P63 

A 

1 IS 

ft £ft 

1 AA 

P63 


1 ?s 

ft Q** 

A OT 

P63 

G 

1.71 

1 71 

1 AO 

P63 

K 

1.40 

1 ft? 

ft 00 

P63 


1 15 

1 23 

ft 84 

P63 

M 

1.46 

0 01 

1 no 

P63 

0 

1 09 

1.05 

1 08 

P63 

R 

1J1 

0.80 

1.02 

P63 

S 

1.42 

0.90 

M7 

P63 

r 

1.50 

1.32 

1.02 

P63 

V 

1.31 

1.04 

1.06 

P63 

w 

1.35 

1.11 

0.86 

P63 

Y 

1.35 

0.95 

1.12 

T64 

\ 

0.96 

1.20 

0.97 

T64 

-» 

0.78 

0.88 

1.05 

T64 


0.87 

0.64 

0.81 

T64 


1.23 

1.08 

1.00 

T64 1 


0.89 

0.96 

0.90 

T64 ] 

L 

0.63 

1.22 

0.93 

T64 I 

vl 

0.68 

1.09 

1.07 

T64 I 

SI 

0.69 

0.98 

0.91 
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Table 10-12. Performance Indices 


TableJO-12. Performance In< 

ices 

Wad-Type 
ResJ 

Pas 


PAF 

Jri 

PAD 

PI 

Prot 

Jri 


Wild-Type 
ResJ 
Pos. 

Mat. 

PAF 

?JL 

PAD 
PI 

Prot 

I o*f 

D 

r 

U. f!5 

A OA 

A £ t 

0.6 


R67 

F 

L26 

0.01 

J. 01 

TfiA 

r\ 

M 

U./0 

a on 

1.1.3 


R67 


1.39 

0.41 

_ 0.81 

104 

K 

PI? 

A t 1 

0.1 1 

1.05 


R67 

K 

0.91 

0.99 

0.76 

lo4 

c 

s 

1.1 

0.99 

1.03 


R67 

L 

1.20 

0.16 

1.46 


T 

1.0C 

1.00 

1.00 


R67 

^ 

1,5? 

033 

1.00 

164 

W 

0.71 

0.69 

0.72 


R67 

P 

1.01 

0.04 

1.04 

D65 

A 

1.31 

0.72 

0.72 


R67 

0 

1.16 

0.13 

1.60 

D65 

D 

1.00 

; 1.00 

1.00 


R07 

R 

1.00 

1. 00 

1.00 

D6? 

<? 

0.80 

0.52 

0.88 


R67 

T 

1.28 

032 

0.76 

D65 

H 

1 T 10 

Q.40 

0.71 


R67 

V 

o r ?9 

0.12 

1.24 

D65 

I ... 

0.53 

9« 

0.46 



W 

>,97 

0.92 

0.95 

PfiS 

P 

-0.33 

0.42 

0.0? 


m 

A 

0.59 

.-OU 

1.07 

BfiS 


0,4| 

0.22 

0.84 



C 

97<? 

. o r oe 

0.85 


5 

.1,17 

Pr47 

0.76 



P 

-0.16 

0.44 

0.55 

jD65 

T 

0.99 

0.59 

0,6$ 


L68 


1.44 

o.I3 

O.87 


V 

0.88 

0.20 

0.64 


m 

p 

0.70 

9,25 

1.00 

D65 


0.77 

0.50 

0.6? 


L68 

Q 

1.09 

-o.o? 

1.00 

D65 

Y 

0.83 

0.42 

0.64 


L68 

H 

1.05 

0.22 

0.89 

P66 

A 

0.50 

0.56 

1.03 


L$8 


1.13 

0.73 

0.86 


c 

0^1 

9.5? 

IrJl 


^8 


1,99 

1.00 

1.00 

Pw 

J 

LOO 

. O t 72 

-<M>9 


L68 

M 


0,93 

0.99 

roo 


o.?j 

9,67 

4 1.02 


L68 

N 

0.51 

0.10 

0.95 

roo 


1.50 

0.44 

1.78 


L68 

> 

0.29 

9,35 

0.82 

P66 


1 SO 

ft OS 




y 

A <A 
0.59 

A 

9,25 

0.90 

P66 


1.59 

0.84 

1.51 


L68 

R 

0.19 

0.47 

0,75 

P66 


1.14 

0.99 

0.92 


L68 

s 

0.99 

0.07 

0.93 

P66 


1.12 

0.38 

1.62 


L68 

T 

1.03 

0.32 

0.92 

P66 

P 

-O.09 

-0.11 

-0.01 


L68 

V 

1.09 

0.51 

1.01 

P66 

0 

1.46 

0.42 

1.91 


L68 

w 

1.21 

0.56 

0.88 

P66 

R 

1.85 

0.51 

1.26 

] 

L68 

Y 

0.71 

0.45 

0.97 

P66 

5 

1.39 

1.02 

0.98 

] 

NT69 

A 

0.92 

1.13 

0.93 

P66 


1.41 

1.10 

0.72 


ST69 

C 

1.05 

1.20 

1.18 

P66 


1.83 

0.89 

U2 


SI69 

D 

0.90 

1.11 

1.05 

P66 

if 

1.33 

0.70 

1.08 


*69 

G 

1.20 

0.98 

1.06 

R67 

\ 

-0.20 

0.22 

1.39 


*69 

H 

1.36 

1.52 

0.73 

R67 

E 

1.04 

0.11 

0.85 


*69 


1.47 

JJ5 

0.69 
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Table 1 

0-12. Performance In< 

ices 

Wild-Type 

HB8J 
Poo 

Mat 

PAF 
PI 

PAD 
Pf 

rxot, 
PI 

N69 

K 

1.72 

1.5S 

A OA 
U.On 

N69 

L 

1.3C 

1J20 

n ia 


N 

LOG 

1.00 

1 OA 

1.U1 

NAQ 

P 

LOG 

0.59 

ft 

U.00 

WAQ 

0 

1.07 

M4 

A 7>f 


R 

1.49 

0.83 

A 1M 
U.54 

MAO 

s 

1.21 

L42 


MAO 

Noy 

T 

135 

1.43 

0.87 

MAO 

soy 

V 

1.99 

1.73 

0.87 

MAO 

w 

IQ5 

0,55 

0.36 

MAO 



X 


0.17 

A A A 

VJtV 

A 


1,4| 

1.02 


C 

0.12 

-0.90 

0.40 

f*»7n 



P,33 

P?? 

f*57A 


9,W 

•036 

0.21 

KJtV 

G 

1.00 

1.00 

1.0( 

SiZU — 

H 

0.04 

1.90 

0.26 

KJ/\f 


0.04 

0.27 

a n 
033 

U/U 

K - 

0.03 

-0.80 

A O C 

0.26 

fw7ft 


0.03 

1.01 

A OA 

o r 30 

ft7ft 

M 

0.62 

-0,72 

A OA 

fi7fl 

vJ / VJ 

N 

0.02 

-0.76 

A 1*7 

0.37 

G70 

> 

0.16 

-0.58 

A 7Q 
U.2V 

VI/ v 

Q 

0.02 

-0.83 

A 1/1 

G70 

R 

0.08 

-1.84 

0.25 

G70 

S 

0.69 

0.64 

0.88 

G70 


0.27 

-0.10 

0.45 

G70 

V 

0.16 

-0.52 

0.34 

G70 

Y 

0.08 

-033 

0.38 

A71 

\ 

1.00 

1.00 

1.00 

A71 

~t 

1.01 

0.99 

0.85 

A71 

0 

0.70 

0.65 

0.68 

A71 

B 

1.45 

0.81 

0.83 

A71 


1.13 

0.99 

0.75 

A71 


J.59 

0.68 

0.85 

A71 


1.70 

0.78 

0.75 


Table 1 

0-12. Performance Indices 

Wild-Type 
Kesj 

Pn« 

Mat, 

PAF 
PI 

PAD 
H 

Prot 
PI 

A71 

I 


Q79 

0.81 

A71 

A /J 

K 

1.44 

1.01 

0.76 

A71 

L 

lr?3 

0.84 

0.85 

A71 

M 

0.98 

hU 

0.81 

A7I 
A/ 1 

N 

L23 

o.ei 

0.77 

A71 
A/ 1 

P 

-0.14 


0.46 

A*71 
A/ 1 

R 

1.40 

0.77 

0.71 

ATI 
A/I 

5 

1.75 

O.ff? 

0.84 

ATI 

A71 

T 

1.70 

0.79 

0.83 

C*T*> 

572 

A 

0,55 

3-52 

1.06 

C*7*» 

572 

C 

0.56 

2.18 

0.96 

5>72 

D 

0.40 

p.?p 

0.90 

572 

E 

0 r 61 

P.?3 

0.99 

0*»*» 

572 

F 

0.94 

U5 

0.80 

S72 

<5 

i,?o 

1,7$ 

P.?7 

S7? 

H 

1,21 

2.48 

0.82 

&72 

L 

1.26 

0.70 

107 

S72 

M 

0.36 

2.13 

0.94 

P/2 

N 

0.42 

2.85 

0.99 

C7*> 
k>/2 

P 

-0.25 

P.5* 

0,63 


0 

0.62 

P,#i 

a?? 

C7*> 

R 

0.86 

p.74 

0.87 


s 

1.00 

1.00 

1.00 


r 

1.10 

0.97 

0.88 

S72 

V 

1.08 

0.83 

0.90 

S72 

w 

0.98 

0.34 

0.92 

S72 

Y 

1,07 

0.07 

1.03 

Y73 

A 

-0.10 

1.4P 

0.82 

Y73 

C 

-0.10 

1.20 

1.18 

Y73 

D 

0.13 

0.80 

1.09 

Y73 

S 

0.71 

0.51 

0.95 

Y73 

H 

0.67 

0.52 

0.96 

Y73 


0.82 

0.64 

0.97 

Y73 

fC 

1.07 

0.94 

0.95 

Y73 


0.98 

0.50 

1.03 

Y73 

VI 

-0.10 

1.13 

1.05 
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Table 10-12. P 

erformance Indices • 


Table 10-12. Performance Indira 

Wad-Type 
ResJ 
Pos. 

Mut. 

PAF 
PI 

PAD 
PI 

Prot 

. PJ 


Wild-Type 
ResJ 
Pos. 

Mut, 

PAF 
PI 

PAD 
PI 

Prot 
PI 

Y73 

N 

0.56 

> 0.76 

1.25 


P75 

T 

1.28 


1.10 

Y73 

P 

0.64 

-0.54 

0.42 

• 

P75 

V 

0.93 

139 

O.?o 

Y73 

0 

1.23 

0.8^ 

1.20 


P75 

w 

1.04 

131 

0.84 

Y73 


1.26 

0.26 

0.96 

P75 

Y 

0.69 

M2 

1.08 

Y73 

s 

1.17 

0.68 

0.77 


S76 

A 

0,38 

1.11 

0.60 

Y73 

V 

0.88 

0.74 

1.08 


§76 

C 

0.3? 

1.0$ 

0,67 

Y73 

Y 

-0.10 

-O.10 

-0.02 


S76 

D 

. 0.41 

1.94 

0.49 

L74 

A 

0.97 

2.90 

1.01 

S76 


0.47 

2.09 

0.58 


D 

-0.18 

-0.18 

-0.03 

S76 

F 

0.44 

. 0,4$ 

0.68 




1 13 

0.58 

S76 

Q 

0,64 

2,15 

o.«> 


Q 


0.57 

0.18 

S76 

H 

0.85 

Ml 

- 0,7? 

W 

H 

-0.18 

-0.18 

-0.03 

S76 

K 

, 0,5? 

1-53 

. 0-32 

L74 


0.86 

0.64 

1,4? 

S76 

L 

0,74 

4.70 

0.27 

m 


1.00 

1.9P 

1,00 

S76 

M 

0,49 

m 

0,45 

L74 

M 

0-J5 


0.7? 

S76 

p 

1.23 

uo 


w 

p 

-Q.J8 

-0.18 

-0.03 

S76 

0 

0.84 

0.90 

0.88 

m 


-0.18 

-0.18 

-0.03 

S76 

$ 

1:00 

LOO 

1.00 

L74 

R 

-0.18 

-0.18 

-0.03 

S76 

T 

0.75 

1.11 

0.80 

L74 

S 

2.72 

-1.52 

0.25 

S7(5 

V 

0.67 

1.35 

0.78 



-0.18 

-0.18 

-0.03 

S76 

w 

0,57 

-0.25 

1.06 

174 

V 

0.90 

0.61 

1.18 

S7$ 

Y 

0-31 

0,1? 

0.75 

L74 

w 

1.3? 

0.67 

0.50 

C77 

A 

0.83 

0.91 

MO 

L74 

Y 

0.90 

0.86 

1.1? 

C77 

C 

1,00 

1.00 

1.00 

D*7C 

r/5 


0.54 

1.42 

1.06 


C77 

D 

0.92 

i f 05 

0.45 

P75 

D 

0.67 

2.09 

0.86 


C77 

F 

0.25 

-0.61 

0.75 

P75 


0.83 

1.19 

1.00 


C77 

G 

1.01 

0.18 

0.53 

P75 


1.16 

0.93 

0.81 


271 

L 

0.98 

0.73 

1.44 

P75 


1.05 

0.86 

0.89 


271 

NT 

-0.13 

-0.06 

-0.04 

P75 

f 

0.69 

0.74 

0.78 


271 

? 

-0.13 

-0.06 

-0.04 

P75 

C 

0.60 

0.88 

0.91 


211 


0.70 

-1.02 

0.34 

P75 

L 

0.44 

1.19 

1.02 

< 

271 

5 

0.95 

0.76 

1.19 

P75 


0.36 

0.30 

1.22 

< 

271 

r 

1.12 

1.03 

1.18 

P75 I 

> 

1.00 

1.00 

1.00 

( 

211 

V 

1.05 

0.80 

1.33 

P75 ( 

? 

1.21 

0.61 

1.04 

( 

211 


0.39 

-0.24 

0.73 

P75 

1 

1.60 

0.46 

0.89 

( 

271 

X 

0.95 

-0.01 

0.66 

P75 

3 

1.39 

0.63 

1.18 

1 

.78 

\ 

-0.11 

-0.14 

-0.01 
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Table 10-12. Performance Indices 

Wild-Tvnp 
ResJ 
Pos. 

Mut. 

PAF 
PI 

PAD 
PI 

Prot 
PI 

L78 

C 

0.92 

0.78 

0.91 

L78 

E 

3.01 

-1.14 

0.16 

L78 

G 

4.98 

1.38 

0.12 

L78 

H 

4.82 

1.57 

0.25 

L78 

I 

1.43 

1.11 

1.06 

L78 

L 

1.00 

1.00 

1.00 

L78 

M 

0.52 

0.48 

0.75 

L78 

N 

2.68 

-0.41 

0.22 

L78 

P 

-0.11 

-0.14 

-0.01 

L78 

0 

1.73 

0.52 

0.46 

L78 

R 

-0.11 

-0.14 

-0.01 

L78 

s 

-0.11 

-0.14 

-0.01 

L78 

r 

1.87 

1.10 

0 47 

L78 

v 

1.53 

0 83 

1.04 

L78 

Y 

1.39 

0.81 

0.46 

A79 

A 

-0.15 

-0.13 

-0.02 

A79 

c 

0.97 

0.03 

1.16 

A79 


1.12 

0.27 

1.12 

A79 

F 

-0.15 

-2.02 

0.17 

A79 

G 

0.92 

0.92 

0.99 

A79 

H 

1.93 

-0.09 

0.85 

A79 

I 

1.59 

0.67 

0.87 

A79 

L 

1.80 

0.96 

0.88 

A79 

M 

1.50 

0.28 

1.04 

A79 

N 

1.48 

0.28 

0.97 

A79 

P 

0.70 

0.94 

0.81 

A79 

0 

1.47 

0.27 

1.05 

A79 

R 

1.47 

0.32 

1.02 

A79 

S 

0.82 

0.78 

1.09 

A79 

r 

M7 

0.60 

0.90 

A79 

V 

-0.15 

-0.13 

-0.02 

A79 


1.27 

0.53 

0.46 

T80 

A, 

1.00 

1.11 

0.90 

rso 

c 

1.31 

1.15 

0.91 

T80 

E 

0.07 

-0.16 

1.02 

T80 

s 

1.16 

1.50 

0.81 


Table 10-12. P 

erformance Indices 

wiia- lype 
Pos. 

Mut 

PAW 

JT at 

PI 

PAT* 
PI 

xTOU 

PI 

* * 

T80 

H 

0.21 

0.05 

0.66 

T80 

r 

0.50 

0 15 

0 78 

T80 

K 

0.15 

-032 

0 74 

T80 

L 

0 15 

-0 1 1 

"V. 1 1 

0 fiR 

T80 

N 

0 S1 

0 SI 

0 07 

1*80 

p 

-Oil 

-0 OS 

0 SS 

T80 

n 

u. 

O 01 

1 07 

1 IV) 
I.UZ 

T80 

D 

IV 

0 OR 

-O 99 

O 7ft 

U./O 

TRO 

c 

i3 , 

O Q£ 

. .u.yo 

1 Afi 

1 19 

TRO 

T 

1 00 

i on 

1 AO 
lAMJ 

AOV. 

V 

▼ 

1 91 

i ni 

fi Ol 

TRO 

X Ox/ 

W 
w 

O 91 


- Od£ 


V 

- O IS 

Oil 


FTR1 

A 

1 IS 

1 4S 

O Oft 

HR1 

c 

i n 

1 00 

O 09 

H81 

P 

1 10 
I. Iv 

o on 

n ft7 

H81 

r; 

1 17 

O RO 

v.y** 

H81 

H 

1 00 

1 OO 

l.W 

1 OO 

H81 

V 

1 S9 

0 Sfi 

0 11 

H81 


1.23 

1 01 

0 01 

H81 

M 

0.94 

1 S4 

0 89 

H81 

N 

1.17 

1.00 

0.82 

H81 

P 

-0.10 

0.72 

0.42 

H81 

0 

0.85 

0.75 

1.00 

H81 

R 

0.34 

-0.29 

0.85 

H81 

S 

1.04 

0.69 

0.94 

H81 

V 

1.10 

0.71 

0.89 

H81 

w 

1.13 

1.09 

0.90 

H81 

Y 

0.77 

0.14 

0.76 

L82 

A 

0.62 

0.98 

1.00 

L82 

G 

1.38 

0.31 

1.24 

L82 

H 

1.33 

0.47 

0.95 

L82 


1.17 

0.51 

0.58 

L82 

k: 

1.19 

0.51 

1.03 

L82 

L 

1.00 

1.00 

1.00 

L82 

M 

0.65 

1.06 

1.07 
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Table U 

M2. P< 

erformance Inc 

ices 

Wild-Type 
ResV 
Pos. 

Mat 

PAF 

PT 

PAD 

1>T 

Jrl 

Prot 

n 

L82 

P 

1 AA. 
l.^O 

ft eo 

1.11 

L82 

R 

1 1A 

ft 1 0 

1.15 

L82 

S 

l. ID 

ft Aft 

u.uu 

I.I3 

L82 

T 

1 1 o 

Lit 

A lO 

0.31 

0,?7 

L82 

V 

i at 

A f A 

0.19 

1.14 

L82 

W 

0.27 

-0.46 

P?3 

P83 

A 

0.36 

2.36 

0.66 

P8? 

c 

0.53 

1.01 

0.81 

P83 

D 

. 0.7? 

.. 0.83 

0,92 

P83 

E 

0.84 

1.26 

0.92 

P83 

F 

0.76 

0.99 

0.09 

m 

0 

- 1-31 

, 0.6? 

1.01 

P83 

P 

J 27 

0.61 

0.93 

P83 

K 

1.37 


0.88 

P83 

If 

0.04 

0.21 

0.19 

P83 

M 

Qr?8 

1.88 

0.71 

P83 

N 

0.70 

1.10 

0.90 

P83 

P 

1.00 

1.00 

1. 00 

P83 

0 

0.73 

0.82 

0.95 

P83 

R 

1.19 

1.09 

0.78 

P83 

S 

1 IT 

1.17 

0.79 

0.89 

P83 

T 

A 

-0.02 

0.62 

P83 

V 

A TO 

0.78 

A t A 

0.19 

0.72 

P8J 

W 

ft Oft 

ft K) 

0.69 

L84 

A 

0 f 45 

0.45 

0.76 

L84 

D 

0.19 

0.85 

0.48 

L84 

F 

0.72 

1.01 

0.74 

L84 

G 

0.77 

1.01 

0.53 

L84 

H 

1.01 

0.99 

0.66 

L84 


0.90 

0.87 

0.99 

L84 

K 

1.10 

0.79 

0.59 

L84 

L 

1.00 

1.00 

1.00 

L84 

N 

034 

0.67 

0.86 

L84 


-0.12 

0.43 

0.58 

L84 

0 

0.41 

0.52 

0.93 

L84 

n 

0.56 

0.57 

0.71 


Table 11 

1-12. P 

erformance Indices 

Wild-Type 
ResJ 
Pos. 


PAF 
PI 

PAD 
PI 

Prot 
PI 

L84 

s 

0.75 

0.55 

0.93 

L84 

T 

0.86 

0.44 

0.95 

L84 

V 

0.79 

0.42 

1.23 

L84 

W 

0.36 

-0.28 

0.91 

D85 

A 

0.79 

1.09 

0.63 

D85 

P 

0.88 

1.50 

0.56 

D85 

D 

1.00 

1-00 

J.00 

D85 

E 

|.12 

1.25 

o.?7 

D85 

F 

1.01 

1.98 

0.52 

D85 

G 

IM 

1.60 

0.69 

D85 

H 

lr55 

1.24 

9,7* 

D85 

1 

0.55 

Q,*o 

0.46 

D85 

L 

0,53 

0.24 

0,5? 

D85 

N 


0,7? 

Q.?6 

D85 

P 


0.54 

P,« 

D85 

O 

3.09 


9?? 

D85 

R 

2.38 

1.03 

0.66 

D85 

S 

2.28 

0.68 

0.93 

D85 

T 

1.33 

0.71 

0.77 

D85 

V 

0.61 

0.25 

0.65 

D85 


0.87 

0.34 

972 

D85 

Y 

o.?? 

0.55 

0.78 

L86 

A 

1.38 

3.32 

0.40 

L86 

C 

1.16 

2.44 

0.85 

L86 

E 

0.06 

-0.92 

0.46 

L86 


-0.15 

-0.26 

-0.02 

L86 

G 

1.15 

0.70 

0.83 

L86 

H 

0.88 

-0.72 

0.57 

L86 

L 

1.00 

1.00 

1.00 

L86 

P 

-0.15 

0.99 

0.22 

L86 

0 

-0.15 

-2.60 

3.66 

L86 

R 

0.43 

-4.46 

0.26 

L86 

S 

0.78 

-0.36 

0.78 

L86 

T 

0.96 

0.28 

0.75 

L86 

V 

0.92 

0.12 

0.93 

L86 

W 

0.67 

0.08 

0.78 
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Table 10-12. P 

erformance In 

ikes 

▼T Jill - m. J 

ResV 
Pos. 

Mut. 

PAF 
PI 

PAD 
PI 

Prot 
PI 

L86 

Y 

0.8f 

i 0.82 

! 0.92 

V87 

A 

0.6< 

0.1*3 

r 0.88 

V87 

C 

0.61 

2.22 

! 0.93 

V87 

D 

-o.os 

> -2.53 

0.32 

V87 

F 

O.60 

0.1C 

0.56 

V87 

G 

0.46 

-2.95 

0.54 

V87 

K 

0.04 

-8.34 

0.26 

V87 

L 

0.71 

4.30 

0.84 

V87 

M 

0.73 

0.75 

0.86 

V87 

P 

0.07 

1.64 

Q,?S> 

V87 

R 

0.07 

-1.33 

0.44 

V87 

S 

0.59 

-0.09 

0.67 

V87 

T 

0.63 

0.15 

Ml 

V87 

V 

1.00 

1.00 

J.Q0 

V87 

Y 

0.33 

-1.24 

0-42 

188 

G 

1.01 

-2.63 

0.27 

188 

H 

* 1.20 

-6.25 

0.21 

188 


1.00 

1.00 

1.00 

[88 

M 

0.24 

1.09 

0.86 

188 

N 

^0.14 

-0.55 

0.2? 

188 

r* 

-0.14 

3.51 

0.18 

188 

O 

0.01 

-1.10 

0.36 

188 

R 

-0.14 

-0.32 

-0.02 

188 

r 

1.03 

-0.16 

0.52 

[88 

Y 

-0.14 

-0.32 

-0.02 

189 

a 

0.55 

1.83 

0.63 

[89 

D 

-0.10 

-0.14 

-O.02 

189 

E 

-0.10 

-2.05 

0.24 

[89 

F 

0.68 

0.75 

0.90 

189 


0.64 

-3.84 

0.29 

[89 

H[ 

1.00 

-1.01 

0.33 

[89 


1.00 

1 T 00 

J. 00 

[89 

L 

0.87 

1.22 

1.07 

189 I 

> 

0.38 

1.91 

0.30 

[89 ( 


0.25 

-0.30 

0.32 

[89 I 


-0.10 

-0.14 

-0.02 



0-12. Performance In< 

Aices 

WDd-Typc 
Re&/ 
Pos. 

Mut 

DAI? 

rAr 
PI 

MTAD 

PI 

Prot 

JPI 

189 

s 

0.71 

-1.66 

* 9,4? 

[89 

T 

0 94 

o or 

0.60 

189 

V 

091 


1.9? 

189 

W 

0 SI 

"Z.O- 

0.27 

M90 

\ 

0 7fi 


0.67 

M90 

c 

0 7<3 
v.fy 

1 AO 

0.83 

M90 


M OA 

9 fifi 

0.15 

M90 


-0 OA 

1 1C 

i.lp 

0.29 

M90 

rz 

a <»7 

U.J / 

1 77 

-JLZZ 

0.3? 

M90 

I 

i.i. 

a 

0.74 

M90 

r 

JAW 

A Off 

0.S4 

M90 

M 

i nn 

I:VK 

JrQO 

M90 

P - 
r .... 

_A OA 

-Vrr>9 

9-2$ 

M90 

U. 

a £R 


0.71 

M90 

R 

■V.. 


A 1A 

9-?3 

M90 

C 

1 .uo 

_A 17 

946 

M90 

r 

1 77 

A IS 

0.59 

M90 

v 

1 OX 

0 OR 

0.62 

M90 

w 


-4 A4 

0.21 


A 

0 57 

1 4S 

0.81 

L91 

c 

0.67 

1 77 

0.87 

L91 

D 

-0.12 

1.47 

O.J? 

L91 

E 

-0.12 

-0.51 

0.13 

L91 

G 

1.21 

-0.58 

0.17 

L91 

H 

-0.12 

-0.13 

-0.01 

L91 


0.98 

1.05 

0.89 

L91 

k; 

-0.12 

-0.13 

-0.01 

L91 

L 

1.00 

1.00 

1.00 

L91 

VI 

0.28 

0.88 

0.80 

L91 

> 

-0.12 

-0.13 

-0.0J 

L91 


0.05 

-0.14 

0.18 

LP1 


-0.12 

-0.13 

-0.01 

L91 ! 


0.92 

0.43 

0.24 

L91 1 

r 

1.06 

-0.11 

0.36 

L91 l 

/ 

0.94 

0.79 

0.72 

L91 \ 

N 

-0.12 

-0.13 

-0.01 
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Table 1 

0-12. Performance TnHirw: 

Wild-Typ* 
ResV 
Pos. 


PAF 
PT 

PAD 

PT 

km. 

Prot. 
PI 

L9I 

Y 


) -ft 1" 

a ni 
-U.U 

G92 

A 

a if 

-U.I 1 

_ft 1 5 

-U.l 

G92 

n 

- 5*: 

a i 

. -U.J 

O A< 

r A 1 o 
> U.l 

G92 

n 

A If 

-U.JT 

A 1 C 

A AO 

G92 


n i/i 
-U.li 

o 

0.2 

G92 

r 


-J. zt 

0.17 

G92 

n 

i.Ui 

1 ATI 
1.0 

LOO 

G92 

L 

-o.n 

-0.11 

-0.02 

G92 


A t f\ 

-o.r 

-0.18 

-0.02 

G92 

p 

•Q.v 

-0.18 

-0.02 

092 

n 

s 

ft t n 

-048 

. -PQ2 

092 


13.6 

-2.96 

0.21 

G92 


-O.li 

-0.18 

-0.02 

G92 

V 

i An 

1.49 

_ -3 f Q3 

..o r ?0 

on 

11/ 

n 1 n 

. -o.i? 

-0.02 

G92 

(_._ . 

A 1 A 

A t O 

-0.1 

-0.02 

m 

A 


1.0? 

0.50 

T93 


i no 

1.01 

A t\e 

0.95 

0.64 

T93 


-U.li 

A ^1 

0.22 

F93 




- 0 r $3 


p 

f\ f Q 

-U.li 

a in 
. -049 

A AO 

-0.02 

T93 


A 1 O 
-U.li 

-6./5 

2.0: 

m 

EV 

-ft 1 ft 

j\ to 
-U.1V 

A AO 

-U.U2 


5 

0.89 

0.49 

0 89 

U.07 

T93 

r 

LOO 

LOO 

LOO 

IP3 


-0.18 

-0.19 

-0.02 

r93 


-0.18 

-0.19 

-0.02 

r93 


5.26 

0.03 

0.77 

N94 s 

\ 

-0.45 

0.74 

0.96 

N94 < 

**» 

0.01 

0.07 

0.94 

N94 ( 

~» 

0.15 

0.53 

0.76 

N94 I 


0.1 1 

-0.94 

0.77 

N94 I 


0.61 

-0.18 

0.49 

N94 P 

A 

-0.45 

0.03 

0.94 

N94 . t 


1.00 

LOO 

i.qo 

N94 F 

> 

-0.45 

0.79 

0.40 


Tnhlp 1 

0-12. Performance Indices 

Wfld-Tvnc 

▼ » **** j\ J 

Re&/ 
Pos. 


PAF 
PI 

PAD 
PI 

Prot 
PI 

N94 

R 

0.1 

-8.2( 

0.19 

N94 

S 

0.1 

0,9 

0.84 

N94 

r 


i -1.43 

\ m 

N94 

V 

Q.lf 

-0.?? 

► 0.65 

N94 

w 

0.1C 

-1.2C 

0.6? 

N94 

Y 

0.0« 

0.12 

07$ 

D95 

A 

-0.H 

-0.14 

-0.01 

D95 

C 

-0.14 

-0.14 

-0.01 

D95 

D 

1.00 

LOO 

1,0Q 

D95 

i 

2,04 

0.75 

0$6 

D95 

G 

-OH 

-0.14 

-OrOl 

D95 

H 

«QJ4 

-044 

-0.01 

D95 

K 

-044 

-0.14 

-0,01 

jD95 


-OH 

-044 

-0.01 

D95 

N 

-044 

-044 

-0.01 

D95 

0 

-0,14 

-0.14 

-0.pl 

D95 

R 

-0.14 

-0.14 

-0.01 

D95 

? 

-0.14 

-0.14 

-0.01 

D95 


-0.14 

-0.14 

-o.pi 

D95 


-0.14 

-044 

-o.pi 

D95 

w 

-044 

-044 

-0.01 

D95 

Y 

-0.14 

-0.14 

-0.01 

T96 

\ 

0.36 

4.20 

1?2 

.T96 


0.44 

_ 3.76 

P-79 

r96 


0.53 

1^24 

0.69 

T96 


0.78 

1.28 

1.03 

T96 


0.95 

-0.22 

0.88 

T96 


0.92 

1.93 

0.93 

T96 

A 

0.39 

2.53 

0.80 

r96 

> 

-0.11 

0.89 

0.35 

T96 


0.17 

0.14 

0.50 

T96 


1.04 

0.79 

1.05 

T96 


LOO 

LOO 

LOO 

T96 

J 

0.81 

0.59 

LI2 

F96 \ 

V 

0.38 

-4.29 

0.51 

196 \ 

r 

0.38 

-3.73 

0.59 
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Table 10-12. Performs 

nee Inc 

lices 

Wild-Type 

MsGSJ 

Pos. 

Mnt. 

DAI? 

- rAr 
PI 

PAD 
PI 

Prot 

n 

K97 

A 

0.01 

0.23 

1.11 

ICQ7 

D 

-0.23 

-0.17 

-0.01 

KQ7 


0 84 

-0.64 

0.39 

K^r.L 

r 

n 74 

-055 

0 T 47 

If 07 

if 

1 ftft 

1,00 

J.oo 

K"07 

T 

U.jc 

-0.28 

0.30 


M 

n ao 

0.22 

0.95 

If 07 

ivy/ 

p 

U. lO 

0.27 

0.36 

V07 

K^l 

V? 

1.14 

0.00 

0.73 

ivy/ 

D 

IV 

O ff A 

Z.oU 

0.59 

1.02 

IW / 

c 
o 

a 

-0.46 

0,5? 

ivy/ 



-0.42 

0.51 

iw/ 

V 

A It 

.... V?} 

-0.45 

0.51 

if or 

KxL 

W 

"A AO 

-2-3? 

04? 

cor 
ivy/ 

I 

u.zy 

-0.65 

0.38 

AOS 

Ay» 

A 

i aa 
1 .UU 

1.00 

1.00 

AOS 

c* 

v> 

1 1A 

UU 

1.42 

1.00 

AOS 

U 

111 

1.1 1 

2.19 

0.81 

AOQ 
/Wo 

CI 

1.57 

0.J<> 

0.97 

A OR 

H 

7 AO 

z.uy 

6.92 

0.82 

A Oft 

I 
1 

7 A< 

0.65 

0.72 

AOS 

r\y<s 

r 

Lf 

7 77 

1.47 

0.71 

AOJl 

NI 

1 74 

1.40 

1.01 

A98 

P 

1.10 

1.26 

0.90 

A98 

s 

1.73 

0.65 

1.17 

A98 

T 

1.72 

0.27 

1.03 

A98 

Y 

2.02 

1.15 

0.87 

y?? 

A 

0.66 

0.82 

1.29 

Y99 

G 

0.83 

0.70 

1.23 

Y99 

H 

0.77 

0.59 

130 

Y?9 

I 

0.81 

0.61 

1.11 

Y99 

L 

0.66 

0.86 

l f 39 

Y99 

P 

0.89 

0.81 

1.00 

Y99 

R 

0.61 

0.29 

0.97 

y?? 

S 

0.72 

0.37 

L45 

Y99 

V 

0.61 

0.31 

1.28 


Table 10-12. Pi 

erformance Indices 

Wild-Type 
Res7 

1Vfnt 

1T1UI* 

PAF 

1>T 

KA — 

PAD 
pf 

Prot, 

Kh 

VOO 

iZZ 

W 
w 

l/.Oo 

ft ^7 

1 *>A 

A/21 

VOO 

X 

i fin 

1 AA 
l.UU 

1 AA 

171 AA 
r 1UU 

A 

A Tfi 
U. /( 

*> AO 

0-93 

171 AA 


A *T1 
Mr/? 

1 oo 

A TO 
U.71 

171 AA 

rlUU 

LI 

A 10 

U.35 

A A1 

-U.U3 

033 

171 AA 

rlUU 


1 A1 

l.Ul 

A 1 C 

A Ol 

0.8: 

rlUU 

r 

1 AA 
l.Ul 

1 AA 
1.0C 

1.0C 

»71 AA 

F100 

XT 

IV 

0.65 

-0.60 

0.53 

. FlOO 

M 

A *7A 

0.79 

2.19 

l.?0 

F100 

N 

0.91 

\A$ 

1.12 

FlOO 

§ 

0.87 

0.85 

1.02 

FlOO 

T 

.0.95 

. 

0.71 

FlOO 

W 

1.08 

. .-003 

.1.06 

RIOl 

C 

07* 

095 

0.96 

RIOl 

D 

0 r ?5 

0.80 

1.02 

RIOl 

F 

0.84 

0.97 

0.66 

RIOl 

I 

0.79 

0.96 

0.68 

R101 

iv 

1.24 

0.07 

0.90 


r 

A ©I 

1.12 

1.33 

R101 

KT 

0.72 

o r ?2 

1.1 1 

D 1 A1 

K.1U1 

n 

r 

A CA 

0.50 

A 0£. 

A *TC 

0.75 

Dim 

r\ 

o 

A O/l 

O.oo 

All 

OA l 

1 A1 

1.03 

K.1U1 

V- 

1 AA 

l.UU 

1 AA 

l.UU 

1 AA 
l.UU 


\r 

V 

ft 74 

ft 44 

ft Oft 

R101 

W 

0.95 

' 0.00 

0.89 

R101 

Y 

0.74 

0.80 

0.67 

R102 

A 

0.19 

1.79 

0.98 

R102 

C 

0.22 

0.36 

0.78 

R102 

D 

o T oi 

0.68 

0.26 

R102 


0.46 

0.23 

0.3 1 

R102 

G 

0.44 

0.27 

0.43 

R102 


0.33 

1.64 

0.95 

R102 

> 

-o,Q7 

0.89 

0.26 

R102 

0 

0.67 

1-19 

1.09 

R102 

R 

1.00 

1.00 

l.OO 

R102 

s 

0.46 

0.96 

0.98 
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Table 1 

Q-12. P 

erformance Indices 

Wild-Type 
HesJ 

lVTitt 

muc. 

PAF 
PI 

PAD 
PI 

Prot 

n 

R102 

V 

V 

0.28 

0.61 

0.80 

R109 

IVI v/^C 

W 

w 

92? 

-1.03 

034 


V 
I 

0.40 

1.29 

0.70 

1 IUj 

A 

0.97 

-9& 

0.89 

Tlftl 
I IUj 


0.90 

-6.91 

0.89 


c 
t* 

0.74 

-339 

0.85 

1 103 


1.11 

-5.27 

1.20 

1 103 

H 

0.99 

^.15 

1.14 

T1 A1 

1 103 

I 

1.08 

-5.15 

0.89 

X"1 A^ 

X 103 


1.09 

-4.36 

1.05 

no3 


1.05 

-1.86 

0.88 

no3 

N 

0 f 7T\ 

-6.03 

1.07 

T103 

P 

0.69 

-5.11 

LQ1 

T1A1 

no3 


0.87 

-6.3d 

0.96 

no3 

5 

0.92 

-136 


T*t A1 

1 103 

r 

1.00 

1.00 

L00 

MAO 
1 103 

v 

0.95 

-1-95 

0.90 

1 103 

w 

1.26 

-2.60 

0.77 

1 103 


1-1? 

-4.68 

0.88 

"104 

A 

-0.41 

-0.19 

-0.04 

'104 

c 

19? 

* 1.83 

l.?4 

'104 

b 

1.84 

1.97 

1.37 

104 

r 

1.79 

0.86 

0.67 

r 104 


2.67 

0.98 

U5 

P104 

-J 

2.84 

1.03 

1.11 

P104 

[ 

2.43 

2.05 

1.07 

P104 

L 

-0.41 

-0.19 

-0.04 

P104 

M 

1.09 

2.24 

1.01 

PI 04 

M 

1.62 

1.44 

132 

P104 

P 

1.00 

1.00 

1.00 

P104 < 

? 

1.34 

0.85 

1.24 

P104 1 


1.62 

-0.39 

0.83 

P104 ! 


2.48 

0.53 

1.44 

P104 

r 

2.70 

0.33 

1.29 

P104 1 


2.59 

1.02 

1.40 

P104 ^ 


2.05 

0.23 

0.59 


Table 1 

0-12. Performance Inc 

lices 

Wild-Type 
ResV 
Pos. 

Mot. 

PAF 
PI 

PAD 
PI 

Prot 

PI . 

r iac 

A 

-0.11 

-0.18 

-0.02 

X I AC 

LIO> 

C 

1.56 

1.92 


L105 

^ 

-0.11 

0.53 

0.26 

LI 05 

F 

U<? 

1.73 

0.95 

LI 05 

Q 

1.08 

1.40 

1.07 

LI 05 

H 

0.85 

1.23 

1.07 

LI 05 

L 

1.00 

1.00 

1.00 

L105 

M 

-0.11 

-0.18 

-0.02 

-LI 05 

P 

1.71 

0.90 

1.00 

LI 05 

O 

0.94 

1.04 

>.o? 

L105 

R 

0.99 

1.25 

Q t 94 

L105 

S 

0.93 

0.61 

0.95 

L105 

T 

0.92 

6.64 

1.00 

L105 

V 

0.15 

-0.97 

9.37 

L105 

W 

1.28 

1.71 

0.78 

LI 05 

Y 

0.72 

0.62 

1.18 

D106 

A 

0.72 

1.13 

069 

D106 

C 

1.01 

1.10 

0.80 

D106 

D 

1.00 

LOO 

LOO 

D106 

E 

1.08 

1.09 

1.02 

D106 

F 

1.02 

1.45 

0,34 

D106 

Q 

U8 

1.45 

0.67 

D106 

H 

1.09 

1.18 

0.66 

D106 


1.04 

0.92 

0.45 

LilOO 

K 

1.28 

1.24 

0.68 

D106 

L 

1.20 

1.00 

0.56 

D106 

M 

0.73 

0.86 

0.77 

D106 

N 

0.92 

0.64 

0.91 

D106 

P 

-0.17 

0.63 

0.18 

D106 

0 

0.92 

0.62 

0.94 

D106 

R. 

0.98 

0.56 

0.91 

D106 

5 

0.98 

1.02 

0.81 

D106 

r 

1.06 

1.38 

0.64 

D106 

V 

0.98 

1.68 

0.61 

D106 

w . 

0.78 

1.07 

034 

1107 


0.81 

0.80 

0.83 
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Wild-Type I 
ResV 

Pos. Mnf T 

PAF 
PI 

PAD 
PI 

Prot 
PI 

1107 jc 

_ 0.9 

5 1.4 

1.00 

1107 

_ 2.5 

5 -0.2 

0.21 

no7 If 

0.9! 

? -0.0 

0.19 

1107 

<? 

1.7< 

-io.i: 

I 025 

1107 

H 

-0.0' 

-0.2 

-0.02 

1107 

I 

l.W 

\M 

1.00 

1107 

L 

0.9< 

l.fr 

0.52 

1107 

N 

1.8 

0.91 

0.56 

1107 

P 

0.65 

0.32 

! 0.40 

1107 

Q 

0.53 

-0.02 

0.43 

[107 

R 

0.08 

-2.75 

0.28 

1107 

S 

2.04 

1.3 

1 05 

1107 

T 

0.64 

1.53 

0.95 

1107 

V 

1.00 

0.97 

1.04 

1107 

W 

-0.07 

-0.20 

-0.02 

1107 

Y 

0.49 

0.52 

0 23 

A108 

A 

-0.12 

-0.07 

-0.02 

A108 

D 

-0.12 

-0.07 

-0.02 

A108 

E 

0.14 

0.61 

0.25 

A108 


-0.12 

-0.07 

-9,02 

A108 

0 

0.99 

1.13 

U5 

A108 

H 

-0.12 

-0.07 

-0.02 

A108 

r 

-0.12 

-0.07 

-0.02 

A108 

k: 

0.60 

2.97 

0 T 3I 

A108 

L 

1.41 

2.56 

0.20 

A108 

ST 

-0.12 

-0.07 

-0.02 

A108 

:> 

-0.12 

-0.07 

-0.02 

A108 

? 

0.58 

0.73 

0.?8 

A108 I 


-0.12 

-0.07 

-0.02 

A108 5 

i 

0.94 

1.00 

1.14 

A108 

r 

1.05 

0.87 

1.08 

A108 

r 

0.76 

0.95 

0.99 

LI 09 / 


0.34 

0.32 

1.07 

L109 r 

> 

1.00 

0.11 

1.15 

LI 09 E 


0.74 

0.19 

1.24 

L109 F 


0.83 

0.32 

1.11 


Performance Intfogg 


;no 
nio 
?no 

IG110 


nn 
nn 
nn 


-0.05 0.42 
-L18l 0.20 
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Table 1C 

►-12. P< 

*rforma 

nee Lie 

ices 

Wild-Type 
ResJ 
Pos. 

Mat 

PAF 

PAD 
PI 

Prot. 
PI 

Mill 

F 

1.47 

0.78 

0.75 

Mill 

Q 

0.85 

0.32 

0.44 

Mill 


0.98 

0.19 

0.40 

Milt 

i 

1.95 

1.03 

0.91 

Mill 

Ft 

1.98 

0.71 

0.58 

Mill 

L 

1.55 

0.67 

0.93 

Mill 

M 

1.00 

1.00 

1.00 

Mill 

N 

0.49 

1.31 

0.79 

Mill 

P 

-0.27 

0.57 

0.39 

Mill 

R 

0.27 

-0.99 

0.34 

Mill 

5 

1.03 

QtH 

0.52 

Mill 

r 

1.49 

0.76 

0.77 

Mill 

V 

M7 

0.95 

0.88 

Mill 

w 

Q,96 

123 

0.30 

Mill 

Y 

1.43 

1.06 

0.65 

SI 12 

A 

0.58 

0.94 

0.98 

SI 12 

E 

0.71 

1.16 

1.05 

S112 

F 

0.37 

0.88 

0.61 

S112 

H 

1.00 

0.38 

0.93 

sin 

K 

0.84 

0.68 

0.92 

S112 


1.03 

1.00 

0.80 

S112 


0.43 

0.56 

0.98 

S112 

to 

0.52 

0.85 

1.09 

S112 

P 

-0.19 

-0.82 

0.33 

$112 

R 

0.20 

-0.44 

0.99 

S112 

S 

1.00 

1.00 

1.00 

S112 

T 

0.95 

0.72 

0.87 

S112 

V 

0.86 

0.48 

0.73 

S112 

W 

0.74 

0.58 

0.85 

S112 

Y 

0.68 

-0.10 

0.90 

VI 13 

A 

0.71 

1.31 

0.70 

VI 13 

C 

0.87 

0.94 

1.06 

V113 

t> 

0.78 

0.87 

0.97 

V113 

te 

0.91 

0.94 

0.99 

VI 13 

F 

1.05 

0.96 

0.80 

VI 13 

b 

0.96 

0.58 

0.89 


Table 1C 

M2. P< 

;rforma 

nee Idi 

ices 

Wild-Type 
ResJ 

JPos t 


PAF 
PI 

PAD 
P? 

Prot 
PI 

VI 13 

H 

134 

07* 

0.84 

VI 13 

K 

11? 

0.72 

Q r 92 

VI 13 

L 

1.50 

0.85 

0.85 

V113 

M 

0.78 

1.06 

0.93 

vn? 

N 

0.88 

1.22 

1.01 

V113 

P 

0.72 

1.14 

0.65 

VI 13 

0 

1.03 

Ml 

0.94 

V113 

R 

1.13 

1.11 

0.82 

V1I3 

? 

0.80 

9,57 

0.91 

VI 13 

T 

0.94 

9,5$ 

0.89 

VI 13 

V 

m 

l,9Q 

1.00 

V113 

w 

0.91 

0.80 

- 0.7$ 

V113 

y 

1.11 

o r ?9 


LI 14 

A 

0.7? 

1,97 

W 

L114 

C 

Q/7S 

144 

M0 

LI 14 

E 

Q.32 

-0.14 

0.42 

L114 

F 

-0.1 1 

-0.21 

-0.02 

L114 

Q 

0.96 

1.14 

0.78 

LI 14 

H 

0 r 92 

-0.55 

0.21 

LI 14 

I 

0.97 

1,17 

9,?6 

U14 

K 

-0.11 

-0.21 

-0.02 

LI 14 

L 

1.00 

1.00 

1.00 

L114 

M 

0.73 

1.28 

1.00 

LI 14 

N 

0.65 

0.77 

0.95 

LI 14 

P 

0.30 

0.28 

0.42 

LI 14 

b 

0.59 

0.12 

0.68 

LI 14 

R 

-0.11 

-0.21 

-0.02 

LI 14 

S 

0.87 

0.55 

0.72 

L114 

T 

0.88 

1.05 

0.82 

L114 

V 

0.91 

0.60 

0.84 

LI 14 

W 

-0.11 

-0.21 

-0.02 

LI 14 

Y 

-0.11 

-0.21 

-0.02 

V115 

A 

0.60 

1.19 

1.11 

V115 

C 

0.73 

1.08 

1.14 

V115 

D 

-0.15 

2.21 

0.19 

V115 

F 

0.54 

1.69 

0.32 
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Table 10-12. PerfnrmflnrP TnrlfoM 

Wild-Tyjw 
Res7 
Pos. 

Mof. 

PAF 
PI 

PAD 
PI 

Prot. 
PI 

V115 

G 

1.05 

> 1.7< 

> 0.43 

V115 

H 

-O.lf 

> -0.12 

-0.02 

VI 15 

I 

1.0* 

0.95 

1.14 

V115 

K 

-0.1 

-0.13 

-0.02 

V115 

L 

1.12 

1.3C 

1.02 

V115 

M 

0.48 

132 

1.05 

V115 

P 

-0.15 

2.21 

0.26 

VI 15 

O 

-0.15 

1.15 

0.32 

V115 

R 

0.10 

1.63 

0.21 

VI 15 

S 

0.95 

1.14 

0 72 

VI 15 

T 

1.15 

1.28 

0 72 

V115 

V 

1.00 

* 1.00 

1.00 

VI 15 

W 

1.23 

2.48 

0.17 

VI 15 

Y 

1.03 

2.07 

0.28 

rii6 

A 

1.01 

0.95 

1 08 

H16 

C 

0.89 

1.05 

1.30 

ni6 


0.86 

0.91 

1.29 

ni6 

G 

1.10 

0.90 

1.44 

ni6 

H 

1.00 

1.08 

1.48 

ni6 


0.80 

0.76 

0.82 

ni6 

I 

0.77 

0.68 

1.03 

T116 

M 

0.83 

1.39 

1.28 

ni6 

N 

0.93 

1.05 

1.68 

ni6 

> 

0.74 

0.84 

0.99 

rue 


0.95 

0.77 

1.29 

ni6 

& 

0.64 

0.62 

1.03 

rue 

5 

0.88 

0.96 

1.24 

ni6 


1.00 

1.00 

1.00 

ri|6 

/ 

0.86 

0.57 

0.85 

ni6 "i 

iV 

0.89 

0.75 

0.96 

ni6 ' 


0.90 

0.47 

1.09 

0117 > 

V 

2.05 

1.73 

1.03 

0117 


1.15 

1.21 

1.10 

OH7 


1.57 

1.02 

0.61 

0117 


2.08 

0.79 

0.97 

0117 1 

I 

2.33 

1.12 

1.12 


Table 10-12. Perform 

ance Indices 

wiio-iypi 
Pos. 

-Mnt 

DAI? 

PI 

PI 

* * 

Prot. 

PT 

0117 

M 

1 

1 RC 


0112 

p 

-0 7* 

^/- z r 

; i n 

A £1 

0117 

o 

I ftf 

i or 

I. in 

k 1 AA 

0117 

R 

1 

1*25 

t 1 Af 

1 AA 

0117 

s 

1 

A stn 

. 11; 

OH7 

T 
i 

— ±J£ 

i ir 

L1C 

I A/o 

f>117 

v 

V 

7 1^ 


0.67 


W 


0.7 J 

0.57 


v* 

— 4-2? 

1. 13 

0.76 

VI 1R 

V 1 I o 

A 
/V 

a Q/t 

a oc 
0.85 

1.20 

VI 1ft 

V HO 

r» 

a to 

1 1 A 
1.1* 

} T ?9 

VI 18 

n 

u 



038 

VI is 

V HO 

c 
1 


. -9 43 

0-37 

VII ft 


A Q< 

. liV 1 

. 0.89 

VI IX 

y 

1 Afi 

l.rW 

A CiC 

— 0-?p 

0,67 

V1 18 


A OA 

A <C 

t fit 

V118 

tr 

•V 


*> <A 

0.2 i 

V118 

r 



n oi 

1 A< 

a m 

0.?; 

V118 

M 

a fin 
u.ou 

A Ol 

U.9: 

A AA 

o.yu 

VI 18 

> 

ft 17 

A 09 

A O 

V118 

X 

ft 1ft 

1 <A 


V118 

R 

ft 16 

ft ft7 

A Afi. 

VI 18 

S 

0.95 

0.82 

0.96 

VI 18 

r 

<W 

0.92 

0.90 

VI 18 

V 

1.00 

1.00 

1.00 

VI 18 

w 

0.83 

-1.28 

0.42 

VI 18 


1.25 

1.34 

0.60 

LI 19 

\ 

0.81 

1.02 

1.18 

LI 19 < 


0.76 

0.24 

1.18 

LI 19 


0.24 

0.28 

0.97 

LI 19 


0.45 

0.32 

1.04 

LI 19 


0.56 

-0.61 

0.93 

LI 19 


0.93 

-0.06 

0.97 

LI 19 


0.91 

0.46 

0.89 

LI 19 


0.90 

0.43 

1.06 

LI 19 


1.00 

1.00 

1.00 
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Table 1 

0-12. I 

'erformance In 

dices 

Wild-Typi 
ResJ 
Pos. 

j 

Mot 

PA IT 
PI 

PI 

Prot 
PI 

L119 

N 

0.51 

0.1 

1.14 

LI 19 

P 

-0.1^ 

-0.0 

0/71 

L119 

R 

0.42 

-0.6* 

> LOO 

LI 19 

S 



t -0 n 

r 1.05 

Li 19 

T 

ft Q"i 

f o i 

V.J 

0.94 

LI 19 

V 

l/.C c 

ft If 

1.04 

LI 19 

W 

U./ 1 

A 7/1 

0.88 

L119 

y 

a 7^ 

A « 

0.89 

T120 

A 

n 7^ 

A jC£ 
U.OO 

1.09 

ri2o 

c 

a 7^; 

A Ol 

1.14 

T120 

p 

A 


1.19 

ri2o 

H 

A ffff 


1.07 

ri20 


A Ol 

UtZ 


LOO 

mo 

K 

U.o f 

1 AO 

U2 




1 K 

— L2s 

1.00 

ri2o 

M 

a n< 

l.zz 

0.98 

rno 

N 



1.10 

ri2o 

p 

n A7 

-A AS 

0.82 

ri2o 

0 


A 7ft 
v./i 

1.05 

n2o 

R 


A £A 

0.?? 

n?Q 


i no 

I 07 

U5 

ri2o 

r 

1.00 

1 OA 
1 .1/1/ 

IW 

ri2o 

V 

0.26 

1 07 

0.93 

ri2o 

Y 

0.57 

1.61 

1.01 

S121 

\ 

1.12 

1.55 

1.10 

S121 


1.18 

1.64 

1.09 

S121 

E 

0.89 

1.04 

1.01 

S121 


1.20 

0.99 

1.07 

S121 I 

C 

1.24 

0.78 

1.04 

S121 I 


1.35 

1.49 

1.12 

S121 


1.14 

1.06 

1.17/ 

S121 

> 

0.83 

0.38 

0.?2 

S121 

? 

0.92 

1.09 

1.01 

S121 


1.26 

0.70 

1.06 

S121 S 


1.00 

1.00 

1.00 

S121 1 


1.13 

1.26 

0.93 


Table 1 

1M2. I 

Vrfonn 



Wfld-Tyw 
ResV 
Pos. 

Mut. 

PAF 
PI 

PAD 
PJ 

Prot 
PI 

S121 

V 

1.1; 

12 

) 0.97 

S121 

w 

1.32 

0.7' 

t 0.91 

A122 

A 

1.0 

L(M 

> 1.00 

A122 

D 

0.2* 


> 0.77 

A122 

B 

0.71 

0.4' 

1 1.04 

A122 

F 

0.97 

O.lf 

0.87 

A122 

Q 

0.93 

-0.42 

0.85 

A122 

H 

1.14 

0.17 

1.00 

A122 


1.13 

0.6? 

1.04 

A122 

K 

1.08 

0.45 

0.96 

A122 


0.93 

1.02 

1.07 

A122 

M 

0.81 

0.94 

1.06 

A122 

N 

0.83 

0.70 

Lll 

A122 

p 

0.61 

0.55 

1.07 

A|2? 

0 

0.6? 

0.74 

1.02 

A122 

R 

0.71 

0.40 

0.94 

A122 

S 

1.03 

0.43 

1.05 

A122 

r 

1.08 

0.52 

0.97 

A122 

V 

1.04 

0.89 

1.05 

A122 

w . 

<W 

0.86 

0.88 

G123 

A 

0.89 

119 

0.96 

G123 

P 


0.30 

0.92 

G123 

D 

1.73 

0.84 

0.90 

G123 

E 

1.13 

0.56 

0.96 

G123 

F 

0.84 

0.80 

0.85 

G123 < 


1.00 

1.00 

1.00 

G123 ] 


1.00 

0.74 

0.84 

G123 

C 

0.97 

1.12 

0.?3 

G123 


0.99 

1.38 

0.79 

G123 

A 

0.84 

L38 

0.85 

G123 


0.89 

0.71 

0.92 

G123 

> 

1.32 

0.81 

0.89 

G123 

? 

0.01 

0.31 

0.37 

G123 


0.66 

0.60 

0.83 

G123 


1.06 

0.54 

0.85 

G123 

r 

1.40 

0.59 

0.89 
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Table 10-12. Performance Indices 

Wild-Tvne 

WW UU M. T U( 

ResJ 
Pos. 

Mnt. 

PAF 
PI 

PAD 
PI 

Prot 
PI 

GI23 

W 

0.95 

1.39 

0.77 

G123 

y 

0.96 

1.24 

0.87 

G124 

A 

0.84 

0.03 

1.20 

G124 

C 

0.72 

0.67 

1.07 

G124 

D 

0.76 

0.64 

0,99 

G124 

F 

1.32 

0.95 

0.70 

G124 

G 

1.00 

1.00 

1.00 

G124 

H 

1.59 

-0 10 

0.98 

G124 

I 

1.85 

-0.08 

0.92 

G124 

L 

1.92 

0.54 

0.98 

G124 

M 

0.97 

-0.05 

1.36 

G124 

N 

0.98 

0.60 

1.18 

G124 

P 

-0.11 

-0.08 

0.37 

G124 

O 

1.12 

0.21 

1.02 

G124 

R 

1.14 

0.41 

0.88 

G124 

S 

1.27 

0.56 

1.00 

G124 

r 

1.64 

0.32 

0.97 

G124 

V 

1.44 

0.33 

0.93 

G124 

w 

- 0.73 

-0.31 

0.84 

G124 


1.23 

0.56 

0.66 

V125 

A 

1.69 

0.93 

0.91 

V125 

c 

0.96 

0.54 

0.67 

V12? 

D 

1.24 

0.54 

0.76 

V12? 


0.81 

0.39 

0.73 

V12? 

7 

0.96 

0.63 

0.77 

V125 

G 

2.95 

1.09 

0.60 

V125 


1.01 

0.94 

1.05 

V125 

> 

1.50 

0.62 

0.83 

V125 

R 

1.30 

0.47 

0.82 

V125 

S 

1.94 

0.79 

0.75 

VI 25 

V 

1.00 

1.00 

1. 00 

VI 25 

w 

0.37 

0.25 

0.48 

V125 

Y 

1.08 

0.81 

0.82 

G126 

\ 

0.96 

0.55 

1.02 

G126 

-» 

0.35 

0.98 

0.96 

G126 

D 

0.33 

1.22 

0.93 


Table 1 

9-12. P 

erform: 

nee Indices 

wad-Type 
ResJ 
Pos. 


PAF 
PI 

PAD 
PI 

Prot. 
PI 

G126 

E 

0.67 

0.60 

1.02 

G126 

<? 

1.00 

l.OC 

1.00 

G126 

I 

0.84 

0.01 

0.81 

G126 

L 

1.17 

0.54 

0.90 

G126 

M 

0.43 

1.17 

0.92 

G126 

N 

0.38 

0.85 

1.04 

G126 

P 

1-17 

0.67 

0 82 

G126 

R 

0.4? 

0.76 

0 89 

G126 

s 

0.76 

0 90 

0.90 

Qm 

T 

1.58 

0.74 

0.90 

$m 

V 

Q?9 

0 18 

0 84 

GW 

v 

0.54 

023 

0.82 

H27 

A 

0,7? 

1 10 

1 10 

T127 

C 

0.76 

0 65 

1 04 

T127 

D 

0.46 

0.62 

1 03 

T127 

E 

0.40 

-0 01 

1.03 

T127 

Q 

0,?5 

0.71 

1 04 

T127 

H 

157 

0.60 

0.99 

T127 

i 

1.06 

0.20 

0.91 

T127 

t 

0.9Q 

-0.03 

0.94 

Tl?7 

M 

0.79 

0.64 

1.02 

ri27 

P 

9.14 

0.77 

0.95 

T127 

0 

0.55 

0.15 

0.86 

T127 

s 

1.0? 

o.?? 

1.08 

T127 

r 

1.00 

1.00 

1.00 

T127 

V 

1.07 

0.68 

1.06 

T128 

A 

0.76 

1.31 

1.23 

T128 

D 

0.78 

0.66 

1.14 

T128 

F 

0.79 

1.71 

1.01 

T128 

H 

0.99 

1.08 

1.19 

T128 

(C 

1.06 

1.57 

1.10 

T128 

L 

1.06 

1.72 

0.97 

T128 

M 

0.72 

1.06 

1.28 

T128 

N 

0.70 

1.36 

1.29 

H28 

P 

0.87 

1.16 

1.18 

H28 

? 

0.78 

1.34 

1.24 
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Table 10-12. P 

erformance Inc 

ices 

Wad-Type 
ResJ 

Pas 
tjBSl 


PAF 

PAD 

m 

H 

Prot 
PI 

1 IZo 

p 

rv. 

A ft*J 
U.O / 

1 *7A 

1.03 

1 1Z5 

o 

0,92 

1 1*? 

1.07 

II ZO 

T* 
1 

1.01 

1 ftft 

1.00 

1.00 

"PI *>B 
I IZO 

V 

A AO 

098 

US 

1.05 

1.1 Zo 

w 

ft ftl 

0.92 

1.2? 

0 r ?5 

1 lzo 

Y 

A AC 

0.95 

1.81 

0.96 

VI 1A 

Y129 

A 

0.6* 

0.17 

M9 

vi ift 

Y129 

Q 


0.61 

1.42 

_ YI29 

D 

035 

0.2J 

135 

vi ia 

F 

0.71 

0-71 

1.44 

VI 29 

G 

6.39 

-0.56 

1.10 

VI 1ft 

YI29 


0.31 

-0-2? 

1.00 

Y129- 


0.78 

0.27 

1.22 

VI 1ft 

YI29 

M 

0.68 

0,?1 


Y129 


0.46 

053 

> t 24 

VI 1ft 

Y129 

P 

0.15 

0.59 

1.11 

VI 1ft 

Y129 

R 

0.38 

0.18 

1.00 

Vt 1ft 

Y129 

s 

0.67 

0.69 

1.08 

Y129 

r 

0.46 

0.14 

1.00 

VI 1ft 

V 

0.24 

-0.29 

1.00 

Y129 

w 

ft A H 

0.47 

-0.15 

1.0! 

f IZ9 

V 

r 

l.UU 

1.00 

1.00 

1311 

A 

A 

ft oi 

0.82 

ft A A 

0.44 

1.03 


n 



0.93 

PI 30 


1.00 

0.22 

1.08 

P130 


1.08 

0.48 

0.89 

P130 

G 

1.16 

-0.19 

1.11 

POO 

H 

M7 

0.01 

1.00 

P130 


1.12 

0.41 

0.94 

P130 

fC 

1.16 

0.55 

1.05 

P130 


1.12 

0.09 

0.98 

P130 

\« 

0.66 

0.76 

1.03 

P130 

> 

1.00 

1.00 

1.00 

P130 


1.11 

0.53 

0.95 

P130 

5 

l r 16 

-0.14 

0.96 

P130 


1.19 

-0.06 

0.96 


Table 10-12. Performance Indices 

Wild-Type 
Res./ 


PAF 

PAD 

n 

Prot 

pa 

D11A 

PJ3P 

V 

tic 

1.13 

0.37 

0.94 

m ift. 

PI30 

W 

115 

0r2? 

0.80 

All* 

A 

A 

1.0( 

1.00 

1.00 

A|31 

D . 

1-31 

0.40 

Qr?0 

A131 

E 

136 

. 0 ?7 

Or?? 

A131 

G 

1.66 

o r ?7 

0.83 

A131 

H 

1.7? 

,0?2 

0J5 

A131 

h 

1.83 

0.59 

0,73 

A131 

P . 

I.?? 

0r71 

0.94 

A13? 

0 

lr?? 

0.74 

069 

A13I 

ft 

1.7$ 

\M 

0.61 

A131 

s 

1.48 

OrW 

0.87 

A131 

V 

1.59 

0,7? 

0?? 

A131 

w 

Wl 

-0r4? 

0.65 

A131 

Y 

. . 1-59 

0.48 

0.73 

P132 

A 

0.49 

6.08 

0.94 

P132 

C 

0.49 

5^8 

0.94 

P132 

D 

-0.11 

-7.16 

0.62 

P132 

B 

0.19 

3.02 

0.80 

P132 

F 

0.76 

-J-33 

0.49 

P132 

G 

0.83 

4.98 

0.79 

P132 

H 

0.50 

-1.95 

0.68 

ni 11 

P132 

[ 

0.58 

-31? 

0.64 

JJJ. ..... 

r 

u 

A 91 

V-9f 

2^4 

A tit 

P132 

N 

0.30 

1.05 

0.83 

P132 

> 

0.09 

691 

1.03 

P132 

O 

0.41 

6.15 

0.91 

P132 

R 

0.02 

-2.19 

0.65 

P132 

S 

1.13 

5.05 

0.96 

P132 

r 

0.85 

-2.01 

0.75 

P132 

V 

0.85 

-2.2? 

0.78 

P132 

w 

0.77 

-2.64 

0.37 

P132 

Y 

1.57 

4.78 

0.60 

K133 

A 

0.67 

0.10 

1.01 

K133 

C 

0.56 

-o.u 

0.72 

K133 

E 

0.63 

0.76 

1.01 
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Table 10-12. Performance Im 

lices 

WilfUTvYic* 

ResV 
Pos. 

Mnt 

PAF 
PI 

PAD 
PI 

Prot 
P? 

(CI 33 

F 

0.86 

0.59 

0.73 

K133 

G 

0.97 

0.31 

0.87 

FC133 

H 

1.02 

0.31 

0.87 

JC133 

I 

0.89 

0.45 

0.78 

K133 

FC 

1.00 

1.00 

1.00 

JC133 

L 

1.05 

1.92 

0.76 

FC133 

M 

0.68 

0.33 

0.98 

K133 

P 

0.39 

0.71 

0.89 

K133 

o 

0.69 

0.52 

1.13 

K133 

R 

0.78 

0.83 

1.Q1 

JC133 

s 

0.84 

0.58 

l.Q? 

IC133 

T 

0.93 

039 

0.97 

FC133 

V 

0.90 

0.23 

0.87 

K133 

w 

0.97 

0 99 

0,46 

KJ33 

Y 

1.12 

1.44 

0,7? 

V134 

A 

0.75 

1.64 

0.?7 

VI 34 

c 

0.77 

1.37 

0.91 

V134 

D 

-0.08 

-0.08 

-0.02 

V134 

G 

1.71 

.1.42 

0.45 

V134 

I 

1.12 

0.89 

o.?? 

V134 

K 

-0.08 

-0.08 

-0.02 

V134 


1.13 

1.45 

0.78 

V134 

M 

0.82 

1.89 

0.83 

V134 

N 

1.18 

2.80 

0.25 

V134 

P 

-0.08 

1.71 

0.43 

V134 

0 

0.04 

0.79 

0.44 

V134 

R 

-0.08 

-0.08 

-0.02 

V134 

S 

1.16 

1.44 

0.62 

V134 

T 

1.25 

0.86 

0.82 

vi?4 

V 

1.00 

1.00 

1.00 

V134 

W 

-0.08 

-0.08 

-0.02 

V134 

y 

-0.08 

-0.08 

-0.02 

L135 

D 

-0,13 

2.90 

0.27 

LI 35 


-0.13 

0.63 

0.39 

L135 


0.34 

-0.03 

0.45 

L135 

G 

0.33 

-1.71 

0.28 


Table 10-12. P 

erformance Indices 

wild- lype 
KesJ 
Pos, 

Mnt 

PI 

PAH 

PI 

xrUL. 
PI 

LI 35 


0.66 

-1.23 

0.28 

L135 

L 

1.00 

1.00 

1 00 

L135 

M 

0.77 

0 78 

1.01 

L135 

p 

-0.13 

-1.31 

0.22 

L135 

o 

034 

0 17 

ft 

L135 

R 

0.06 

-1.41 

ft 9S 

L135 


0.5C 

-ft fiS 

ft 44 

LI35 

T 

071 

-ft 4? 

ft SO 

L135 

v 

n ri 

ft 41 

ft 89 

T 115 

W 

TT 

ft 71 

-ft 49 

ft 16 


A 

ft £0 

1 Aft 

ft flft 

V1 16 

c 



ft R7 

VI 16 

c 

J\ AQ 

— "VrVy 

ft 9ft 

ft 9S 

V1 16 

r 

ft OR 

1 11 

1 ftl 

V13tf 


-ft 00 

ft 4ft 

ft 96 

VI 36 

p 

-ft 00 

-ft 19 

ft S9 

V136 - 

R 

-0.09 

-ft 1? 

-ft ft9 

V136 

T 

1 13 

1.13 

0.68 

V136 

v 

1.00 

1.00 

1.00 

V136 

W 

-0.09 

-0 12 

-0.02 

V137 

A 

1 07 

1 46 

0.64 

V137 

c 

0 98 

1.42 

0.85 

V137 

D 

-0.17 

-0.23 

-0.01 

V137 

E 

-0.17 

-0.23 

-0.01 

V137 

F 

-0.17 

-0.23 

-0.01 

V137 

G 

1.02 

0.26 

0.13 

V137 


0.98 

0.70 

0.83 

V137 

L 

1.09 

1.27 

0.82 

V137 

M 

1.22 

1.13 

0.89 

VJ37 

N 

0.46 

-1.29 

0.15 

V137 

> 

-0.17 

-0.23 

-0.01 

V137 

R 

-0.17 

-0.23 

-0.01 

V137 

s 

0.96 

0.29 

0.50 

V137 

T 

1.08 

0.93 

0.73 

VI 37 

V 

1.00 

1.00 

J.00 

V137 

W 

-0.17 

-0.23 

-0.01 
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Table 1 

D-12. Performance In< 

ices 

Wild-Type 
Re&/ 
Pos. 

Mut. 

PAF 
PI 

PAD 
PI 

Prot 

n 

V137 

Y 

-0.17 

-0.23 

-0.01 

S138 

A 

0.69 

1.28 

1.44 

S138 

C 

0.64 

1.18 

1.17 

S138 

E 

-0.13 

-0.19 

-0.02 

S138 

F 

-0.13 

-<M? 

-0.02 

SI38 

G 

1.05 

JM 

1.09 

S138 

H 

-0.13 

-0.19 

-O.02 

S138 

I 

1.15 

0.35 

0.56 

S138 

L 

-0.13 

-0.19 

-0.02 

S138 

M 

-0.13 

-0.19 

-0.02 

S138 

N 

0.62 

1.31 

0.77 

S138 

P 

0.54 


0.45 

S138 

0 

-0.13 

-0.19 

-0.02 

S138 


-0.13 

-0.19 

-0.02 

SI38 

s 

1.00 

1.00 

1.00 

S138 

V 

1.00 

0.6? 

0.67 

S138 

w 

-0.13 

-0.19 

-0.02 

S138 

y 

-0.13 

-0.1? 

-0.02 

P139 

c 

0.08 

-0.12 

0.18 

PI39 

D 

-0.13 

-1.44 

0.15 

P139 


-0.13 

-5.11 

0.19 

P139 

F 

-0.13 

-4.13 

0.16 

P139 

G 

0.50 

-3.08 

0.23 

PI 39 


-0.13 

-6.03 

0.19 

P139 


-0.13 

-3.71 

0.21 

P139 

Ft 

-0.13 

-4.09 

0.12 

P139 


-0.13 

-0.17 

-0.02 

PI 39 

N 

^0.13 

-2.11 

0.16 

PI 39 

> 

1.00 

1.00 

1.00 

P13? 

0 

-043 

-0.32 

0.18 

P139 

R 

0.37 

-1.04 

0.23 

P139 

S 

0.88 

-0.52 

0.43 

P139 

r 

0.01 

-3.48 

0.15 

P139 

V 

-0.13 

-1.70 

0.17 

P139 

w 

-0.13 

-0.17 

-0.02 

P139 

Y 

-0.13 

-0.17 

-0.02 


Table 10-12. P 

erformance Indices 

Wild-Type 
Res7 
Pos. 

Mpf r 

PAF 
PI 

PAD 
PI 

Prot 
P* 

P140 

A 

1.90 

1.83 

0.61 

P140 

C 

039 

1.07 

0.40 

P140 

P 

-0.45 

-0.23 

-0-0? 

P140 

F 

-0.45 

2.?9 

019 

P140 

G 

0-9$ 

3.11 

040 

PJ40 

H 

0.59 

2.25 

0.23 

P140 

I 

0.45 

-1.03 

0,?4 

P140 

K 

-0.45 

-0.23 

-0.02 

P140 

L 

-0.45 

-0.23 

-0.02 

P140 

M 

-0.45 

-0.23 

-0.02 

PI 40 

P 

1.00 

1.00 

1.00 

P140 

0 

-0,45 

-1.32 

032 

P140 

R 

-0.45 

-2.74 

0,2? 

P140 

S . 


-lr22 

0.43 

P140 

T 

J74 

-0.7? 

0.29 

P140 

V 

0.50 

-1.J2 

0^4 

P140 

W 

0.50 

-0.97 

0 r 17 

P140 

Y 

032 

-1.90 

0.24 

P141 

A 

140 

1.08 

1.13 

P141 

G 

. 1.64 

-0.05 

1.02 

P141 

P 

2.07 

079 

0,93 

P141 

I 

2.29 

0.38 

0.90 

P141 

L 

2.32 

0.65 

0.74 

P141 

N 

1.32 

0.97 

0.96 

P141 

P 

1.00 

1.00 

1.00 

P141 

0 

1.39 

0.37 

0.88 

P141 

R 

1.65 

-0.26 

0.61 

P141 

S 

1.70 

0.02 

0.90 

P|41 

r 

1.84 

0.12 

0.82 

P141 

V 

1.96 

0.16 

0.72 

L142 


0.80 

0.56 

0.67 

L142 

c 

0.74 

0.70 

0.78 

L142 

D 

-0.12 

-0.13 

-0.01 

L142 

F 

1.05 

0.54 

0.46 

L142 

3 

-0.12 

-0.13 

-0.01 

L142 


0.64 

0.28 

- 1.05 
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Table 10-12. P 

erformance Indices 

ttUU-1 ypc 

ResJ 
Pos. 

Mot 

PAF 
PI 

PAD 
PI 

Prof 

PI 

L142 

fC 

1.6C 

0.66 

0.23 

L142 

L 

1-.0C 

1.0C 

1.00 

L142 

M 

-0.12 

-0.13 

-0.01 

LI42 

N 

-0.12 

-0.13 

-0.01 

L142 

P 

0.54 

0.44 

0.48 

L142 

0 

0.67 

0.33 

0.49 

L142 

R 

-0.12 

-0.13 

-0.01 

L142 

s 

0.84 

031 

0.65 

L142 

r 

-0 12 

-0 13 

-0.01 

L142 

v 

0.84 

0.33 

0.82 

L142 

w 

2.41 

-1 89 

0 16 

A143 

A 

1.00 

1 00 

1.00 

A143 

c 

1.39 

1 07 

0.81 

A143 

D 

1.45 

1.22 

0.71 

A143 

E 

1.43 

I 13 

0 71 

A143 


1.56 

0.68 

0.99 

A143 

G 

1.48 

0.42 

1.17 

A143 

H 

2.90 

136 

0.70 

A143 

fC 

3.16 

1.37 

* 0.62 

A143 


2.51 

1.28 

0.71 

AI43 


1.30 

0.82 

0.79 

A143 

> 

1.53 

0.39 

0.63 

A143 

0 

1.74 

0.81 

0.72 

4143 

R 

245 

0.99 

0.62 

A143 

S 

1.77 

0.63 

0.98 

A143 


2.18 

0.97 

0.74 

A143 

V 

2.45 

0.99 

0.81 

A143 

W 

2.27 

-0.21 

0.37 

P144 

\ 

1.0? 

0.79 

0.91 

P144 

0 

1.45 

1.38 

0.60 

P144 

F 

1.82 

1.08 

0.66 

P144 

S 

1.45 

0.62 

0.78 

P144 

a 

1.94 

1.60 

0.66 

P144 

PC 

2.09 

1.09 

0.67 

PI44 1 

L 

1.43 

L15 

0.86 

P144 

Vf 

1.24 

1.01 

0.76 


Table 10-12. P 

erformi 

nee Indices 

Wild-Type 
Pos. 

Mut 

PAF 

n 

PAT) 

Ml AIM 

PI 

fTOl, 
PI 

P144 

N 

1.44 

1.4S 

0.74 

P144 

P 

LOO 

1.0C 

1.00 

P144 

o 

U7 

1.08 

ft 77 

P144 

R 

176 

1.14 

0.68 

PI44 

s 

1.69 

0 Q9 

sLz± 

ft 77 

P144 

T 

1.46 

ft 81 

ft 8ft 

P144 

v 

2.34 


ft 7ft 

Ml 45 

A 

0.44 

ft 70 

ft Oil 

Ml 45 

Q 

1.02 

ft Q1 

ft 04 

M14S 

p 

0.28 

ft 48 

ft HA 

M14S 

P 

1,49 

ft *77 



n 

0.4? 

ft 7A 

ft oo 

M145 

l 

0,7? 

ft KX 


M145 


1.72 

. ft £1 

VrVM 

1 ft7 

M145 

M 

1,00 

i no 

1 ftft 

M145 

P 

0.64 

ft 78 

ft 78 

M145 

o 

0.68 

U.J/ 

ft 86 

M145 

R 

1.15 

0.69 

ft 78 

M145 

s 

0.64 

0 78 

ft 01 

M145 

T 

1.0| 

0 79 

— y*ty 

ft 01 

M145 

V 

0.72 

0 63 

1 ftft 

l M Y 

M145 

W 

1.15 

-0.13 

0 49 

M145 

Y 

0.94 

0.82 

0.68 

P146 


0.20 

1.36 

0.73 

P146 

C 

0.31 

1.69 

0.<52 

P146 


0.55 

1.53 

0.51 

P146 

G 

0.24 

1.04 

0.51 

P146 

H 

0.50 

1.57 

0.56 

P146 

L 

0.56 

2.00 

0.53 

P146 

VI 

0.39 

1.23 

0.79 

P146 

N 

0.37 

1.00 

0.78 

P146 

P 

1.00 

1.00 

1.00 

P146 


0.36 

1.06 

0.66 

P146 

3 

0.46 

0.96 

0.82 

P146 

r 

0.38 

0.76 

0.80 

P146 

V 

0.55 

0.77 

0.89 
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Table 10-12. Perfhrmanrp TnHira 

WBd-typi 
ResJ 

rusu 

Mr,* 

JYint. 

PAF 
PI 

PAD 

Df 

Prot 

PI 

nw 

W 


» 0.6 

0.64 

rino 

v 

I 


' 1 A A 

> 1.4^ 

0.54 

tll*f / 

A 

A 

t nc 

1.21 

0.98 

0.96 




1.17 

1.04 

1114/ 

U 

0.95 

1.18 

1.00 

III A*J 

ril4/ 

b 

1.1 

1.10 

0.96 

m An 
H147 

G 

-0.12 

-0.15 

-0.02 

H147 

H 

l.OO 

1.00 

1.00 

tTi An 

H147 

[ 

0.89 

. 0.97 

0.89 

HI47 

K 

0.94 

1.06 

0.89 

H147 

h 

0.69 

129 

1.Q9 

H147 

M 

073 

1.44 

0.86 



0.84 

. . 125 

0,98 

PH7 

P 

-.1-12 

lr?l 

0 t 71 

HH7 

0 

0.71 

1.03 

0.?6 

m An 

H147 


Q8? 

0.94 

0.69 

H|47 

s 

1.26 

0.75 

0.92 

rj i An 

H147 

T 

1.20 

0.84 

0.85 

HI47 

v 

0.96 

0.92 

0.90 

til a*j 

HI47 


0.88 

1.Q5 

0.79 

HI47 

\r 

I 

0 r 7? 

M2 

0.94 

Dl/f Q 

*J4* 

A 

1.64 

1.06 

0.96 

r!4o 

U 

1.03 

1.34 

0.74 

P148 

p 

1 49 

1 .*rZ 


u./o 

P148 

F 

1.37 

1.50 

0.64 

P148 

3 

0.87 

1.20 

0.70 

P148 

EC 

1.79 

1.30 

0.72 

P148 

L 

1.64 

139 

0.74 

P148 - I 


1.00 

1.00 

1.00 

P148 ( 

? 

1.33 

0.98 

0.81 

P148 I 


1.51 

1.25 

0.79 

P148 5 

5 

1.46 

1.21 

0.74 

P148 1 

r 

1.50 

1.09 

0.79 

P148 > 

/ 

2.43 

1.04 

0.76 

P148 1 

{ 

1.46 

1.37 

0.72 

W149 y 

V 

0.21 

0.31 

1.35 


Table 10-12. P 

Performance Indices 

Wild-Type 
ResJ 
Pos. 

Mat 

PAF 

w 

PAD 
PI 

Prot 
PI 

W149 

C 

0.IJ 

t 0.12 

0,93 

W149 

E 

o.oc 

-0.04 

o.?5 

W149 

F 

o.# 

0.5C 

1.27 

W149 

G 


Q-4? 

1.39 

W149 

H 

0.6C 

1.01 

0.81 

W149 

I 

0.21 

0.24 

0.83 

W149 

L 

030 

0.64 

1.06 

W14? 

M 

033 

0,4? 

l t 32 

W149 

p 

-032 

-0.16 

0.92 

W149 


0.1 

0.40 

1.10 

W149 


0.04 

-0,3? 

0,07 

W149 

5 

0-J$ 

.033 

1.2? 

W14? 

T 

0?$ 

0.44 

0 f ?4 

W14? , 

w 

i.QQ 

loo 

1,00 

W149 

Y 

0.58 

0r75 

1.15 

F150 

A 

o.Ql 

0,54 

1.70. 

F150 

C 

0.43 

0.78 

1.41 

F150 

E 

1.23 

0.73 

1.32 

F150 

F 

IfiO 

l.oo 

100 

F150 

G 

0,14 

0.4$ 

U3 

F150 

H 

053 

1,18 

1.0? 

F150 


0.40 

0.78 

1.19 

F150 

FC 

0.41 

0.85 

133 

F150 


1.29 

1.30 

1.14 

F150 

M 

0.80 

0.63 

1.69 

F150 


0.55 

036 

1.52 

F150 ] 

P 

0.18 

0.32 

138 

F150 

r 

0.37 

0.58 

1.27 

F150 

V 

0.22 

0.51 

1.26 

F150 ^ 


0.19 

0.62 

1.26 

F150 


0.72 

1.07 

1.24 

0151 i 

\ 

1.29 

2.93 

0.46 

0151 ( 


1.05 

2.55 

038 

0151 I 

) 

1.47 

2.81 

0.83 

0151 I 


1.14 

2.07 

0.99 

0151 I 


031 

-8.08 

0.21 
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Table 10-12. Performance In< 

dices 

WDd-Type 
Res7 
Pos. 

Mot 

PAF 
PI 

PAD 
PI 

Prot 
PI 

0151 


1.06 

> 2.1$ 

> 0.94 

0151 

I 

0.08 

-2.7(: 

0.16 

0151 

Ft 

LV) 

2.19 

1.04 

0151 

L 

0.4C 

-l.?3 

<U7 

0151 

H 

1.24 

6.3<5 

0.24 

0151 

P 

1.35 

1.91 

0.50 

0151 

0 

1.00 

1.00 

1.00 

0151 

R 

1.36 

2.32 

0.68 

0151 

S 

1.05 

2.25 

0.86 

0151 

r 

1.24 

2.37 

0.64 

0151 

V 

0.36 

-1.65 

Q.25 

0151 

w 

0.77 

032 

0.33 

0151 

Y 

1.01 

2.75 

0.41 

LI 52 

A 

0.88 

1.29 

0.85 

L152 

c 

1.00 

1.14 

Q-?7 

L152 

D 

1.07 

0.86 

0.?1 

LI 52 

E 

1.08 

1.23 

0.93 

L152 

G 

1.08 

0.77 

0.85 

LI52 

H 

1.09 

0.92 

0.93 

LI 52 


1.04 

0.61 

0.77 

LI 52 

K 

1.21 

0.91 

0.93 

L152 


1.00 

1.00 

1.00 

L152 

M 

0.99 

1.10 

0.82 

L152 

P 

0.81 

0.61 

0.54 

L152 

0 

1.07 

0.76 

0.84 

L152 


1.20 

0.91 

0.89 

L152 ! 

s 

1.12 

0.84 

0.84 

L152 

r 

1.12 

0.69 

0.82 

L152 1 

V 

1.22 

0.88 

0.83 

L152 i 

w 

1.18 

1.55 

0.74 

LI 52 

sr 

1.09 

l r 37 

0.89 

1153 i 

\ 

1.19 

1.49 

0.76 

1153 1 


1.23 

1.75 

0.47 

1153 


1.46 

2.00 

0.56 

1153 


1.00 

1.00 

1.00 

1153 

c 

1.62 

2.44 

0.43 


Table 1 

0-12. Performance Indices 

WUd-Typt 
ResJ 
Pos. 

Mat 

PA IT 

PI 

p ATI 
PI 

rlOu 
PI 

1153 

L 

1.27 

f 1.5C 

0.82 

1153 

N 

0.72 

0.89 

1.04 

U53 

P 

0 25 

1.87 

0 11 

1153 

s 

0 87 

1.66 

ft £1 

U53 

T 

1.27 

1 67 

ft M 

1153 

V 

0 96 

1 IS 

ft 7ft 

F154 

D 

-0.19 

-1.06 

~\J All. 

F154 

E 


-1 ftrt 

-ft 09 

F154 

p 

1 on 

1 on 

1 rin 

I. Ill 

F154 

Q 

-0 10 

f\ (LA 

n 1*7 

F154 

r 

-0 10 

-1 ft/? 


F154 

p 

-0 10 

-1 ftfl 

-ft ft7 

F154 

O 

0 10 

0 07 

ft 4S 

F?54 

s 

0 11 

ft 70 

ft IS 

F154 

T 

0 17 

.1 1ft 

ft 10 

F154 

v 

-O 10 

.14 10 

ft 1 R 

F154 

v 

1 XL 


ft 07 

E155 

A 

0 09 

5 SO 

ft Rl 

E155 

D 

1 08 

1 24 

ft 80 

E155 

E 

1.00 

1.00 

1.00 

E155 


1 07 

0 23 

0 60 

E155 

G 

1 17 

1.12 

0.82 

E155 


0.95 

0.65 

0.61 

E155 

\H 

1.23 

L33 

0.83 

E155 

L 

1.31 

2.07 

0.60 

E155 

Si 

0.73 

2.91 

0.74 

E155 

sr 

0.79 

1.79 

0.86 

E155 

> 

0.79 

2.60 

0.65 

E155 

3 

0.90 

0.69 

0.87 

EI55 ] 


1.47 

-0.07 

0.71 

E155 5 


1.08 

1.12 

0.82 

E155 

r 

1.49 

1.19 

0.76 

E155 


0.79 

0.47 

0.63 

E155 


1.27 

2.65 

0.55 

G156 i 


0.99 

1.21 

0.88 

G156 ( 

-1 

1.07 

1.37 

0.84 
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Table 1 

0-12. P 

Performance Tn 

dices 

Wild-Type 
Res7 

Mut. 

rAF 

PT 

tJ 

PAD 

PT 

Prot 
W 

G156 

D 

0 

) I. OA 

I 0.93 

G156 

E 

v.y* 

LA: 

0.91 

G156 

F 

n or 

' U. /: 

0.78 

G156 

G 


„ 1. 01 

1.00 


H 

1 A/1 


0.84 

G156 

I 

U. f\ 

ft AO 

-0.0 

0.44 

G156 

K 

1 1/1 

IfK 

111 

J. 11 

0.88 

G156 

L 


ft f\A 

0.9* 

0.74 

G156 

M 

1.09 

1.62 

0.80 


N 


1.38 

0.97 

<?15$ 

P 

1 A A 

1.4^ 

1.29 

0:5? 

G156 

R 


1.21 

0.80 

<?X56 

S 


1.04 

0.8? 

G156 

T 

i if 

L53 

0.7? 

G156 

V 

0.81 

9-?7 

0.58 

G156 

w 

a on 

0.89 

o,?o 

0.?6 

G156 

y 

0.96 

1.40 

0.80 

G157 

A 

ft TT 

0.77 

0.87 

1.00 

<5157 

c 

ft C\£. 

O.yo 

OM 

0.92 

0157 

p 

a oi 

ft f\A 

0.41 

G157 

E 

ft no 
U.95 

ft Oj4 

0.61 

G157 

F 


1.4z 

0.61 

G157 

G 

1 .uu 

1 AA 

1.00 

G157 

H 

1 14 

1 57 

0.70 

G157 


1.11 

1.33 

0.36 

G157 

EC 

1.28 

1.47 

0.46 

G157 

VI 

0.96 

0.85 

0.70 

G157 

> 

0.86 

0.01 

0.31 

GI57 


1.51 

-0.10 

0.42 

G157 

5 

1.30 

0.19 

0.93 

G157 


174 

0.99 

0.68 

G157 

/ 

1.23 

0.40 

0.59 

EI58 j 

\ 

1.45 

1.28 

0.91 

E158 ( 

■t 

1.46 

1.37 

0 f 67 

E158 

D 

U5 

0.89 

0.82 

E158 


1.00 

1.00 

1.00 


Table 10-12. Performance In, 

Sees 

Wild-Type 
ResJ 

. M«t, 

PAF 
-PI 

PAD 
PI 

Prot 
PI 

El 58 

P 

2.0^ 

XV 

0.46 

El 58 

H 

2.4C 

|.Q1 

0.59 

E158 

I 

13S 

0.94 

0.76 

E158 


2.08 


0.62 

El 58 

L 

1.5? 

1.96 

0.70 

E158 

M 

1.39 

1.73 

0.71 

El 58 

N 

1.41 

1.58 

0.82 

E158 

P 

1.41 

1.19 

0.85 

El 58 

0 

l r 49 

1.24 

0.85 

E158 

R 

1.99 

. 1.29 

0.62 

E158 

5 

1.57 

1,27 

0.82 

P15? 

r 

1.45 

fc?l 

0.77 

E158 

V 

l r 52 

9.8? 

0.81 

E158 

w 

1.77 

. 1-34 

0.67 

EJ5? 

y 

1.77 

2.4? 

0.57 

OI59 

A 

1.08 

0.28 

1.13 

0159 

Q 

1.13 

0.31 

0.79 

0159 

D 

1.09 

0.63 

0.90 

0159 


Q.99 

0.97 

1.14 

015? 

Q 

o t ?$ 

0.7? 

1.03 

0159 

H 

Q.?6 

1,4? 

0.90 

015? 


1.02 

0.70 

0.83 

0159 

M 

1.07 

0.84 

0.83 

LM39 

> 

1.06 

0.49 

0.81 

0159 

0 

1. 00 

1.00 

1.00 

0159 

R 

1.15 

0.74 

0.76 

0159 

S 

1.10 

0.73 

0.81 

IC160 

\ 

0.3? 

1.14 

0.86 

K1I60 


0.48 

1.29 

0.77 

K160 

ED 

-0.15 

1.1? 

0.40 

K160 

~» 

0.91 

0.30 

0.56 

K160 


0.98 

0.57 

0.65 

IC160 


0.97 

1.00 

0.78 

K160 


1.00 

1.00 

1.00 

JC160 


0.97 

0.95 

0.77 

FC160 

* 

0.31 

1.47 

0.78 
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Table 10-12. Performance Indices 

Wild-Tvric 
ResJ 
Pos. 

Mnt. 

PAF 
PI 

PAD 
PI 

Prot 
PI 

K160 

N 

031 

* 1.12 

I 0.65 

K160 

P 

-0.15 

i 1.6* 

> 0.31 

K160 

0 

0.45 

i 1.4] 

0.75 

K160 

R 

0.83 

1.15 

0.76 

K160 

S 

0.85 

0.7C 

0.74 

K160 

w 

0.89 

-0.34 

0.21 

T161 

c 

0.84 

0.56 

1.01 

T161 

D 

-0.14 

-0.21 

-0.02 

ri6i 

E 

-0.14 

-0.21 

-0.02 

ri6i 

G 

0.92 

0.43 

0.94 

ri6i 

H 

1.82 

-0.15 

0.42 

ri6i 


1.40 

0.98 

0.91 

• ri6i 

L 

1.25 

1.16 

0.81 

ri6i 

M 

0.57 

1.72 

0.83 

ri6i 

N 

0.80 

-0.86 

0.32 

ri6i 

P 

-0.14 

-0.21 

-0.02 

ri6i 

O 

1.04 

1.50 

0.90 

ri6i 

R 

3.61 

-1.68 

0.42 

ri6i 

S 

0.92 

0.57 

0.98 

ri6i 


1.00 

1.00 

1.00 

ri6i 

V 

1.27 

1.24 

1.00 

ri6i 

w 

1.41 

0.00 

0.52 

T161 

Y 

2.40 

2.62 

0.23 

TI62 

e 

0.95 

3.57 

in 

ri62 

F 

0.99 

3.23 

1.05 

ri62 

3 

1.00 

1.82 

0.88 

ri62 

a 

1.02 

3.91 

1.08 

T162 


0.99 

2.21 

1.16 

ri62 


1.22 

3J3 

0.98 

ri62 

L 

LOO 

3.59 

1.05 

ri62 


0.77 

3.49 

0.89 

T162 


0.83 

3.84 

0.98 

ri62 

> 

0.96 

4.37 

0.81 

T162 


0.93 

2.45 

0.89 

T162 


1.17 

1.23 

0.80 

ri62 


0.98 

2,01 

0.97 


Table 1 

0-12. P 

Performance Indices 

Wild-Type 
ResV 
Pos. 

lVfnt, 

PI 

P ATI 

PI 

rTOt. 
PI 

ri62 

T 

1.0C 

> L0C 

LOO 

ri62 

W 

1 15 

2.04 

ft fts 

T162 

Y 

1.03 

2 85 

1 ftl 

E163 


1.11 

1 7<3 

ft 71 

El 63 

c 

1 11 

1 ftJi 

ft A7 

E163 

D 

0.9( 

1 OR 

ft 517 

E163 

E 

1 Of) 

1 ftf) 

t nn 

... Ir" 1 

E163 

F 

i m 

I-YI 

ft 7*7 

ft ilQ 

El 63 

G 

1 7S. 

ft ftn 

U.ol 

ft 7Q 

El 63 

H 

1 17 

ft BO 

U.oV 

El 63 

^ — 

1 ^ft 

I.J 

1 Oil 

ft CO 

E163 

NT 

O Ol 

i nn 

ft 77 

E163 

? 

VrV( 

* ft nn 


E163 

R 

i i? 

ft 40 

ft 77 

E163 

S 

i 17 

ft iw 

V'P? 

ft fit 

11,11 1 

El 63 

V 

1 11 

ft 

ft £0 

E163 

W 

1 71 

ft Oft 

ft AQ 

El 63 

Y 

1.41 


ft 

LI 64 

A 

-0.14 


ft 71 

L164 

C 

0 09 

ft Ql 

ft £1 

L164 

D 

-0.14 

-0.85 

O 17 

L164 

E 

-0.14 

-0.48 

0.18 

L164 

F 

0.50 

0,86 

0.94 

L164 

G 

-0.14 

-0.14 

0.19 

L164 

H 

0.02 

0.12 

0.16 

LI 64 

L 

1.00 

LOO 

LOO 

L164 

VI 

0.69 

1.26 

1.09 

L164 


-0.14 

1.31 

0.26 

L164 

> 

-0.14 

2.41 

0.17 

L164 < 


-0.14 

1.01 

0.24 

L164 


-0.14 

1.61 

0.17 

LI 64 

3 

032 

1.11 

0.25 

L164 

r 

0.82 

0.99 

0.52 

L164 


0.87 

1.02 

1.08 

L164 

t 

0.43 

-1.28 

0.20 

A165 > 


LOO 

LOO 

1.00 
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Tabic * 

Mi p< 

erformance In<3 

Ices 

Wild-Type 
Resi 


PAP 

PI 

PATl 
PI 

Prot 
PI 

A165 

c 

0.99 

1.42 

0.97 

A165 

D 

0.89 

1.69 

0.62 

A165 

F 

1.23 

1.00 

0.74 

A165 

G 

1 05 

1 07 

1.14 

A165 

I 

1 17 

0 59 

0.64 

A165 

K 

1 15 

J .JJ 

0 R9 

0.78 

A165 

L 

1 OR 

1 -v/O 

1 55 

0.70 

A165 

M. 

yf.y i 

1 5fi 

0.77 

A16J 

N 

1 01 

1 9ft 

0.91 

A165 

P 

1 14 

1 14 

0.91 

A165 

0 • 

1 91 

1 19 

1-Q5 

AJ6? 

R 

1 7ft 

1 90 

0.87 

A165 

S 

i on 

ft Od 

1.05 

AJ«S 

r 

1 18 

1 19 

o.?3 

A165 

V 

1 91 

1 11 

0.88 

A165 

Y 

1 9ft 

ft R4 

0.67 

R166 

A 

ft 71 

1 51 

1.12 

R166 

D 

ft Sfi 

1 55 

1.16 

R166 

F 

1.00 

1 1ft 

0.85 

R166 

G 

1.15 

ft 01 

11? 

R166 

H 

1.20 

f 56 

0.97 

R166 

I 

1.26 

1.39 

0.86 

R166 

¥L 

1.17 

1.20 

1.19 

R166 

L 

1.27 

1.50 

1.08 

R166 

M 

0.65 

1.29 

1.26 

R166 

N 

0.75 

1.21 

1.16 

R166 

P 

0.43 

1.50 

0.97 

R166 

R 

1.00 

1.00 

1.00 

Rl 66 

s 

1.16 

0.95 

0.98 

R166 

T 

1.19 

0.74 

1.04 

R166 

V 

1.17 

0.76 

0.94 

R166 

W 

1.25 

1.08 

0.80 

R166 

Y 

1.29 

1.22 

0.85 

V167 

A 

0.56 

4.99 

0.98 

VI 67 

c 

0.79 

5.37 

1.01 

VI 67 

D 

0.56 

5.54 

0.98 


Table 1( 

M2 t P< 

erforma 

nee Ind 

[ices- 

wad-Type 
Res7 

Mpfc 

PAF 

n 

PAD 
PI 

Prot 
PI 

V167 

0 

0.99 

2.83 

1.08 

V167 

H 

1.Q3 

2.11 

J.12 

V167 

l 

1.08 


|.04 

V167 

L 

0.84 

2-5$ 

1.13 

V167 

M 

0-53 

3.84 

1.04 

V|67 

P 

0.31 

6.08 

0.85 

VI 67 

O 

0.55 

2.41 

0.97 

V167 

R 

0.78 

2,2$ 

0.88 

VI 67 

S 

0.96 

IM 

1.04 

V167 

T 

1,13 

2.47 

0.96 

V167 

V 


\w 

1.00 

V167 

Y 

107 



Y168 

Q 

069 

-4,73 

0,57 

rm 

D 

-Ml 


-M» 

Y168 

E 

-an 

-m 

-0.03 

Y168 

F 

0.68 

5.17 


Y168 

G 

1.89 

-40.74 

0.23 

Y168 

H 

-0.11 

-1.98 

-0.03 

Y168 

t 

0.83 

-0.59 

0.90 

Y168 


-0.11 

-1.98 

-0.03 

Y168 

i 

0.59 


lr?7 

Y168 

N 

-an 

-1,9? 

I -Q.0? 

Y168 

^ 

-0.11 

-l r 98 

-0.03 

Y168 

0 

0.28 

-8.27 

. 0,25 

Y168 

R 

-0.11 

-1.98 

-0.03 

Y168 

S 

-0.11 

-1.98 

-0.03 

Y168 

T 

1.51 

-22.96 

0.39 

Y168 

V 

1.19 

-12.96 

0.57 

Y168 

w 

-0.11 

-1.98 

-0.03 

Y168 

Y 

1.00 

1. 00 

1. 00 

S169 

A 

0.94 

1.13 

0.95 

S169 

C 

1.03 

1.38 

0.78 

S169 

I 

1.16 

1.53 

0.66 

S169 

K 

1.21 

1.27 

0.94 

S169 

L 

1.08 

J.47 

0.82 

SI 69 

M 

0.86 

1.40 

0.86 
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Table 14 

D-12. Performance Indices 

Wild-Type 
Res7 

Mat 

PAF 

PI 

PAT) 
PI 

Pm+ 

PI 

S169 

P 

0.87 

0.89 

0 69 

S169 

0 

1.02 

137 

0.88 

S169 

R 

1.24 

1.19 

0 77 

S169 

s 

1 00 

1.00 

1.00 

SW 

T 

1.15 

0.97 

0 89 

S169 

Y 

1.26 

1 10 

0 77 

A179 


1.00 

1 OO 

1 on 

A170 

c 

1 is 

1 OA 

1 09 

A170 

D 

1 97 

1 19 

u.oo 

A170 

p 

1 951 

1 ^0 

1 17 
X.l / 

n 00 

A170 

p 

1 44 

1 17 
1.1 / 

fl 81 
U.O- 

A170 

fi 
yj 

1 SO 


O OA 

A170 

[ 

1 SO 

A A A 

O OS 


IT 

Sk 

1 71 


fl OA 

A170 

T 

r-f 

1 OS 

0 rs 

n R7 

A170 

M 

1 01 

1 9R 

0 01 

A170 


1 91 

1 17 

O OA 

AI70 

p 

0.75 

1 VK 

O ro 

A170 

O 

1.15 

0.89 

O PR 

A170 

a ... 

1.47 

0 47 

O 00 

u.77 

A170 

T 

1.40 

0.72 

0 86 

A170 

v 

1.20 

0.74 

0.83 

A170 

w 

1.04 

0.83 

0.82 

A170 

V 

0.80 

0.89 

0.89 

L171 

A 

0.35 

1.66 

0/79 

LI 71 

c 

0.56 

1.73 

0.97 

L171 

D 

-0.06 

-0.13 

-0.01 

L171 

F 

130 

1.97 

0.87 

L171 

G 

1.26 

133 

0.50 

un 

H 

1.67 

1.07 

0.61 

L171 

[ 

1.53 

1.42 

1.16 

L171 


2.05 

1.53 

031 

L171 

L 

1.00 

1.00 

1.00 

L171 

M 

0.53 

2.22 

0.90 

L171 

Nf 

0.96 

2.79 

0.40 

L171 

0 

0.97 

1.93 

0.67 


Table H 

W2. P 

erformance Indices 

Wad-Type 
ResJ 
Pos. 

Mnt. 

pit? 

PI 

r AU 
PI 

1>.. . , A 

trot. 
PI 

L171 

R 

0.71 

-0.2C 

O 94 

L171 

s 

1 43 

1 7A 

— LU3. 

O 79 

L171 

T 

1 S4 

1 1A 

O SO 

L171 

V 

1 09 

• 1 10 

O 09 

u.yz 

L171 

Y 

1 90 

1 IS 

U.oi 

A172 

A 

1 OO 

1 OO 

1 AA 

A172 

C 

1 9fl 

n b a 

U.OO 

1 AO 

l.UV 

A172 

D 


YAJL 

A 1 £ 

0.16 

A172 

E 

-0.15 


ft in 

A172 

G 

1 A 1 

1.41 

A Qvl 

U.iv4 

1.07 

A172 

I 

1 *?A 

1.70 

A CO 

0.58 

0.31 

A172 

iC 

a o< 

A vtl 

- 7V-4? 

A 1*7 

0.17 

A172 

L 

1 OA 

,J.?o 

J. 2? 

A TA 
0.70 

417? 

M 

U.»4 

1 A£ 

A OA 

AJ72 

N 

A 1*7 

„„ 0,n?7 

Vi7v 

A 1A 

A172 

P 


A <fi 
U.5o 

A 1 (L 

A172 

0 

A 1*7 

0.27 

A 1 O 

U.34 

A172 

R 


-U. 15 

fl 9fl 

A172 

s 

1 so 

fl ft^ 

V.OJ 

fl OA 

A172 

X 

t 9S 

fl 71 

fl 

A172 

V 

1 40 

O 10 

O SI 

A172 

w 

1 41 

I .*TJ 

O 4S 

0 19 
U.1Z 

A172 

Y 

0 87 

1 76 

0.13 

SI 73 

A 

0.81 

2.72 

0r?5 

S173 

C 

0.82 

3.07 

0.59 

S173 

E 

0.78 

2.65 

0.90 

S173 

F 

0.96 

230 

0.71 

S173 

H 

1.07 

1.49 

0.95 

S173 

I 

0.99 

2.22 

0.78 

S173 

K 

1.17 

3.01 

0.91 

S173 

L 

1.15 

3.86 

0.77 

S173 

M 

0.80 

3.01 

0.84 

S173 

P 

0.19 

2.66 

035 

S173 

R 

1.09 

2.47 

0.82 

S173 

S 

1.00 

1.00 

1.00 

S173 

r 

1.06 

1.29 

0.89 
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Table 1< 

ft 14 T> 

erformance Indices 

wild- type 
Res7 
Pos. 

Mat 

PAF 
PI 

PAD 
PI 

Prot 

S173 

V 

0.95 

234 

0.75 

S173 

W 

l r 16 

3.67 

0.67 

S173 

Y 

1.19 

3.54 

0.81 

F174 

A 

0.59 

2.09 

0.61 

F174 

c 

1.3? 

0.48 

0.65 

F174 

F 

1.00 

1.00 

1.00 

F174 

G 

1.60 

0 r ?J 

0.85 

F174 

H 

0.93 

1.05 

0.86 

F174 

K 

0.86 

1.17 

0.76 

FI74 

T 

1.05 

1.83 

0.82 

F174 

M 

0.91 

2.20 

0.55 

F174 

p 

J.54 

1.46 

PI? 

IFI74 

O 

1,42 

0.46 


IF174 

R 

0/79 

0.52 


LF174 

s 

1.16 

0.61 

QJ5 

FI74 

T 

0.80 

0.64 

0.62 

F174 

V 

0.60 

0.67 

0.82 

F174 

w 

0.96 

-0.02 

0.85 

F174 

y 

0.84 

1.66 

Q.77 

IM175 

A 

0.70 

0.66 

0 t ?5 

M175 


Qr95 

1.43 

0.89 

Ml 75 

G 

2.04 

0.75 

0.67 

M175 

L 

1.61 

0.86 

1.19 

M175 

M 

1.00 

1.00 

1.00 

M175 

N 

1.39 

1.02 

1.11 

M175 

P 

-0.20 

0.08 

0.16 

Ml 75 

0 

1.56 

0.83 

0.98 

M175 

R 

1.55 

0.86 

1.02 

M175 

T 

2.21 

0.9p 

0.98 

M175 

V 

1.93 

0.81 

1.00 

M175 

W 

1.25 

0.76 

1.14 

M175 

y 

0.77 

0.72 

1.35 

FC176 

A 

0.42 

1.19 

0.84 

IC176 

C 

0.58 

1.01 

0.87 

K176 

D 

0.62 

1.18 

0.74 

K176 


0.67 

1.08 

0.88 


Table 11 

fcJ2i P 

erformance In« 



1Vtl«l Tuna 

Po^ 

Mut. 

PAF 
W 

PAD 
PI 

nrot. 
PI 

K176 

F 

0.36 

1.28 

0 31 

K176 

G 

1,01 

0.73 

0 80 

K176 

ic 

1.00 

1.00 

1.00 

fC176 

r 

1.00 

092 


IC176 

M 

0.56 

i.?3 

0 74 

K176 

N 

0.60 

9,°4 

0 85 

K176 

p 

0.01 

0.78 

0 77 

K176 

%c 

0.59 

0.97 

1 ft? 

K176 

R 

0.71 

1.03 

i cm 


c 

0.76 

0.72 

ft 01 


p 


0,97 

ft 7(\ 
U. /I 

K176 

v 

1.04 

> ,33 

ft 71 

K176 

IV i 1 \J 

w 

1.1? 

1,16 

ft At 

K176 

v 

Jr(M 

9,?3 

ft £A 

P17R 

A 

0.31 

4,3° 

ft Q£ 

u.yo 

P178 


0.18 

6.44 

ft Q1 

P178 


0.40 

4.15 


PI 78 

G 

1.09 

2.95 

ft ai 

P178 

XT 

Eh 

134 

1,79 

ft 71 

P178 


1,82 

7,15 



P178 

M 

0.5? 

?,?7 

0 78 

PI 78 

p 

0.06 

5.02 

ft 

PI 78 

o 

0.1? 

3.64 

0 

P178 

s 

0.62 

3.06 

0 95 

P178 

T 

0.70 

2.28 

0.81 

P178 

V 

0.67 

2.70 

0.78 

P178 

w 

1.14 

0.02 

0.64 

P178 

Y 

1.38 

6.91 

0.74 

F179 

A 

-0.18 

-0.22 

-0.02 

F179 

E 

0.02 

1.80 

0.20 

F179 


1.00 

1.00 

1.00 

F179 

G 

0.03 

1.16 

0.36 

F179 

H 

0.79 

0.93 

0.91 

F179 


1.15 

1.89 

0.43 

F179 

H 

0.77 

0.95 

0.46 

F179 

> 

-0.18 

-0.22 

-0.02 
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Table 1 

0-12. Perform: 

ance Indices 

Wild-Type 

Dot* / 

Pos. 


PAF 
PI 

PAD 

pi 

Prot 
PI 

F179 

0 

0.4* 

-0.8*3 

0.46 

F179 

R 

-0.18 

-0.2? 

-0.02 

F179 

S 

0.78 

034 

0.62 

F179 

Y 

0.7C 

1-17 

0 r 69 

F179 

w 

0,8? 

0.86 

0.62 

F179 

Y 

1.05 

1.47 

0.65 

F180 

A 

0.03 

2.70 

0.27 

F180 

c 

0.65 

1.94 

0.66 

F1 fin 

r i ou 

E 

-0.14 

-0 T 55 

-0.02 


F 

1.00 

1.00 

1.00 

PI fin 

P 

0.37 


0.20 

PIJM 
r lou 

I 

1.20 

2.11 

0.79 

pi fin 

K 

1.08 


0.24 

PI fin 


1.30 

2.J3 

0.86 

PI fiA 


0.71 

4.36 

0.96 

P1RO 
riol/ 

N 

-0.14 

3.05 

0.29 

pi fin 

0 

0.21 

-1.87 

0.36 

PI fin 

R 

0.64 

-3.57 

0.26 

Plfin 

S 

056 

-2.05 

Q29 


r 

1.01 

-0.68 

0.33 

Pifin 

V 

1.14 

3.24 

0.76 

F180 

W 

Ml 

L81 

0.90 

F180 

Y 

1.12 

2.?? 

0.84 

D181 

A 

1.35 

1.23 

0.65 

D181 

C . 

1.09 

0.85 

0.56 

D181 

D 

1.00 

1.00 

1.00 

D181 


1.10 

0.72 

0.78 

D181 


-0.15 

-0.17 

-0.01 

D181 

G 

1.09 

0.52 

0.37 

D181 


-0.15 

-0.17 

-0.01 

D181 


-0.15 

-0.17 

-0.01 

D181 

k: 

1.33 

0.47 

0.41 

D181 


1.25 

-0.16 

0.16 

D181 

VI 

-0.15 

-0.17 

-0.01 

D181 

NT 

-0.15 

-0.17 

-0.01 

D181 

P 

1.03 

0.66 

0.60 


Table 10-12. P 

erformance Ini 

Jice? - 

Wild-Type 
ResJ 

Mnf. 

PAF 

pi 

PAD 
PI 

Prot. 

...PI 

D181 

0 

M4 

0.6C 

0.5* 

DI81 

R 

1.23 

0.22 

9-45 

D181 

S 

1.21 

0.55 

956 

D181 

r 

1.02 

-0-32 

0J24 

D181 

V 

9,88 

-0.34 

0J21 

P181 

w 

1.26 

-0.52 

0.28 

D18I 

Y 

1,29 

-0.25 

0.25 

A182 

A 

1.00 

1.00 

1.00 

A182 

c 

0.97 

0,9? 

1.03 

A182 

Q 

0.92 

0.94 

0.90 

A182 

H 

-0.14 

-0.18 

-0.02 

A 182 

r 

0,?? 

-2.48 

, 9,?9 

A182 


-914 

-0.18 

-0.02 

AI82 

L 

-0,14 

-0J? 

-0.02 

A182 

M 

-0.14 

-0.18 

-992 

A182 

N 

-0.14 

953 

0.14 

A182 

P 

-0.14 

-1.13 

0.12 

A182 

0 

0.03 

-0.84 

0.14 

A182 

H 

0.25 


0.12 

A182 

S 

0.87 

Or?? 

0.90 

A182 

T 

1.14 

9.11 

9,4? 

A182 

W 

-0.14 

-0.18 

-0.02 

A182 

Y 

-0.14 

-0.18 

-0.02 

G183 

C 

Q.56 

1,99 

0.92 

G183 

D 

0.30 

0.99 

V.OjI 

G183 

p 

0.68 

0.19 

0.75 

G183 

G 

1.00 

1.00 

1.00 

G183 


0.98 

0.95 

0.87 

G183 


0.82 

1.50 

0.47 

G183 

> 

-0.18 

1.02 

0.33 

G183 


0.66 

-0.20 

0.97 

G183 


0.92 

1.09 

0.90 

G183 

5 

0 r 94 

-0.08 

1.08 

GI83 

V 

0.56 

-2.47 

0.57 

G183 


0 f 97 

1.45 

0 f 79 

S184 i 

\ 

0.60 

1.69 

1.31 
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Table 1C 

1-12. Pc 

rforma 

nee Indices 

Wild-Type 
ResJ 
Ppj. 

Mnt 

PAF 
PI 

n A TV 

PAD 
PI 

Prot. 
PI 

S184 

C 

0.81 

7 %Q 

1 14 

SW 


0.84 

7 74 

1 IS 

S184 

E 

0.94 

1 SA 


S184 

F 

1.05 

i oo 
1.2/ 

A CO 

S184 

Q 

0.99 

a so 


S184 

H 

1.02 

A HA 

1 AT 

S184 

I 

0.92 

1 Ol 

1.21 

A t%£ 

O.yo 

Sl?4 


0.97 

1.61 

1 AO 

1.02 

SI 84 

L 

0.80 

0 t\f\ 
2.0U 

A AO 

o.yo 

S184 

M 

0.51 

1.77 

1.25 

SJ?4 

N 

0.64 

1.9? 


$1?4 

P 

-0.1? 

0.85 

a An 
0.40 

S184 

0 

0.9? 

1.16 

t An 

1.09 

5l?4 


1.00 

l,W 

1.00 

S184 

T 

1.04 

0.60 

0.94 

S184 

V 

0.80 

1.25 

1.03 

S184 

y 

1.06 

1 AO 

l.Oy 

A 0>f 

U.o4 

V185 

c 

0.65 


A OA 

O.yo 

V185 

D 

0.40 

O jIA 

-2.4V 

A 01 

0.2 1 

V185 

E 

0.73 

A SQ 

A OA 
O./O 

V185 

F 

1.02 

1 OA 

A SI 

V185 

G 

1.12 

-3.0/ 

n 4*7 
u.*w 

V185 

H 

1.30 

A CO 

071 

v.M 

V185 

I 

1.07 

0,63 

1.03 

VI 85 

K 

1.37 

0.79 

0.66 

VI 85 

L 

1.23 

0.93 

0.75 

V185 


0.39 

1.46 

0.77 

VI 85 

0 

0.77 

1.41 

0.73 

VI 85 


1.15 

0.79 

0.57 

VI 85 

s 

1.09 

0.53 

0.75 

V185 

r 

1.11 

0.91 

0.79 

V185 

V 

l.oo 

1.00 

1.00 

V185 

w 

1.36 

-0.44 

0.53 

V185 

Y 

1.37 

0.58 

0.65 

1186 

A 

1.46 

1.79 

0.90 

1186 

D 

-0.13 

4.29 

0.19 


Table 1C 

►-12. P« 

xformance Indices 

Wild-Type 
ResJ 
Pos. 

Mufc 

PI 

JrAU 
PI 

rrou 
Pf 

1186 

F 

1 01 

0 76 

077 

1186 

Q 

1.86 


ft IS 

1186 

I 

1 no 

1 fin 

1 ftft 

1 .VV 

1186 


-ft 11 

•V.I J 

-ft 1A 

-ft ftl 

im 

L 

1 17 

Ui 

ft 9A 

1186 

M 

ft BA 

U.00 

1 IS 

I.JO 

111 

1186 

P 

-O.U 

0 oc 

ft o< 
U.25 

H86 

R 

A AO 
0.02 

£ AQ 

-o.oy 

A OC 

0.25 

H36 

S 

1 IO 

1.3? 

A Ol 

A AC 

1186 

r 

1 ci 

J.51 

A Ol 

A OO 

0.79 

1186 

V 

1 00 

1,28 

A AO 

0.48 

- A AO 

O.V3 

im 

W 

A 11 

A 1A 

-0.30 

A A1 
-O.01 

1186 

y 

A 11 
"Or?? 

A lie 

*0t?o 

A A1 

rO.Ol 

SI 87 

^ 

A CI 

0.51 

1 TO 

A SA 
0,50 

SI 87 

Q 

A OA 
0. /0 

1 AO 

1.0/ 

A *TO 

o./y 

S187 

D 

A CO 

1 jIA 

A SO 

0.82 

S187 

F 

1 AO 

1. 02 

A AC 

0.65 

A Ol 
U. /3 

S187 

G 

1 A1 
I. OJ 

1 4A 

ft SS 
U.00 

S187 

H 

I OO 

i.2y 

l.Jl 

ft AS 
u.00 

S187 

I 

1 is 

1.35 


ft 78 

V. IO 

SJ87 


1 d c 

1 1A 
I. IO 

ft 7/» 

SI 87 

L 

1 17 

1,-5/ 


ft 7S 

SI 87 

M 

0.49 

1 87 

0.85 

SI 87 

N 

0.59 

1.59 

0.90 

S187 

P 

0.44 

-0.31 

0.78 

SI 87 

0 

0.63 

0.35 

0.94 

SI 87 

R 

1.04 

0.55 

0.82 

S137 

s 

1.00 

1.00 

1.00 

S187 

T 

1.12 

0.23 

0.74 

S187 

V 

1.23 

0.58 

0.89 

SI 87 

w 

1.30 

0.52 

0.73 

S187 

Y 

1.43 

0.80 

0.76 

T188 

A 

0.97 

0.95 

1.40 

T188 

C 

0.60 

0.87 

2.04 

T188 

D 

-0.05 

-0.14 

-0.02 

T188 

E 

0.24 

1.97 

0.44 
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i&oie i 

nil d 

erfonnance In 

dices 

ResV 
Pos. 

Mat. 

PAF 
PI 

PAD 
VI 

nut* 
PI 

T188 

F 

o.9t 

-0.2C 

0.63 

ri88 

G 

0.93 

0,75 

1.32 

ri88 

H 

1.11 

-0.75 

► 0.74 

ri88 

I 

1.13 

0.1C 

1 1.85 

ri88 

K 

-0.05 

-0.14 

-0.02 

ri88 

L 

0.76 

0.42 

1.76 

ri88 

M 

0.49 

0.75 

1.60 

ri88 

N 

0.69 

1.69 

1.24 

T188 

P 

-0.05 

-0.14 

■O.02 

ri88 

0 

-0.05 

-0.14 

-0.02 

ri88 

R 

1.0 

-0.47 

1.41 

ri88 

s 

1.16 

o,?i 

1 59 

ri88 

r 

1.Q0 

1.00 

■ i no 

ri88 

v 

U2 

0,15 

1 

ri88 

w 

-0,9? 

-0.14 

-0 07 

T188 

y 

1.48 

0.09 

0.47 

D189 

A 

0.05 

1.18 


D189 

c 

0.19 

0.94 

0.56 

D189 

D 

0.03 

0.89 

0.90 

D189 



0.77 

0.85 

D189 

F 

0.83 

0,37 

0.63 

D189 

G 

0.80 

0.80 

0.83 

D189 

H 


0.95 

0.78 

DI89 


0.73 

J.27 

0.69 

D189 

L 

130 

1.30 

0.61 

D189 

M 

0.06 

0.88 

0.48 

D189 


0.22 

0.57 

0.80 

D189 

P 

-0.12 

0.97 

0.67 

D189 

El 

0.86 

0.39 

0.65 

D189 ! 

5 

0.88 

0.81 

0 85 

D189 


1.00 

1.21 

0.73 

D189 i 

/ 

0.73 

0.7J 

0.72 

D189 l 


1.09 

0.76 

0.60 

1194 i 

\ 

0.29 

0.00 

1.15 

1194 


0.27 

-0.02 

. .117 

1194 


0.07 

-0.03 

0.95 


TaWe % 


erfnrnuince WVes 

Wild-Type 
Pos. 

Mvkt 

PAF 

PAD 

n 

Prot 
H 

1194 

G 

o.io 

0.04 

- 

(194 

I 

1.00 

1.00 

1.0Q 

1194 

L 

0.80 

0.58 

132 

1194 


o.i? 

-1.42 

01$ 

1194 

R 

0.02 

-0.40 

0,77 

1194 

c 

0.30 

-0.15 

0.48 

1194 


0.37 

0.78 

1.03 

1194 

w 

VI 

0.04 

-0.0? 

1.12 

nod 

V 
I 

-032 

-0.01 

1,0? 

F196 

A 

-0.13 

-0.13 

-0,02 

PI OA 

r» 

174 

_ 1.18 

0.70 

PI OA 


IW 

X0Q 

JtOO 

P10A 

r$ 

1.59 

-030 

0.60 

PI OA 

FT 

J/77 

-0.24 

, 0» 

F196 

I 

1,32 

,.. 142 

0,?J 

F196 


-0rl3 

-0.1? 

-0.02 

F196 

L 

. 177 

1,|7 

1,0? 

Fl?6 

M 

1.65 

0.71 

0.93 

F196 

N 

-0.13 

-043 

-0,0? 

FW 

P 

0.05 

03? 

0.42 

F196 

0 

1.00 

-0-25 

0.40 

F196 

R 

-0.13 

-0.13 

-0.02 

F196 

S 

1.58 

-1?7 

0.29 

F196 


1.40 

0.68 

0.51 

F196 

sv 

1.01 

0.38 

0.88 

F196 


1.41 

0.97 

0.73 
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EXAMPLE 11 

Cloning and Expression of a Sinorhizobium me//fcri RSM02162 
M smegmatis Perhydrolase Homologue 

5 

In this Example, cloning and expression of a S. meliloti perhydrolase homologue 
are described. The sequences used in cloning and expression are provided below. The 
gene RSM02162 (SEQ ID NO:625) was synthesized by DNA2.0. The gene was given 
the designation "G00355" and was provided cloned into the commercially available 

1 0 vector, pDRJVE (InvivoGen). The gene was amplified by PCR from this clone using the 
primer set G00355rbsF/ GO0355R, Tag DNA polymerase (Roche) as per the 
manufacturer's directions, with G00355 as the template (10 ng/50 reaction) and 10 
picomoles (per 50 \d reaction) of each primer. The amplification was carried out in an 
MJ Research PCR machine using 30 cycles of (1 minute at 95°C; 1 minute at 55°C; and 1 

1 5 minute at 72°C). The amplification of the correct size fragment was confirmed by 
agarose gel electrophoresis. The fragment was cloned directly into pCR2.1TOPO 
(Invitrogen) and transformed into E. coli Topi 0 cells (Invitrogen). Transformants were 
selected on L agar containing carbenicillin (100 jig/ml) at 37°C. The correct construct 
was confirmed by sequence analysis and designated "pMC355ibs." Figure 20 provides a 

20 map of this plasmid. 

Primer sequences: 
G00355rbsF 

5*-ggccctaacaggaggaattaaccatggtggaaaaacgttccgttctgtgc-3* (SEQ ID NO:626) 

25 

G00355R 

S'-Gcgcgcttagaacagagccgctactttgtcagc-S' (SEQ ID NO:627) 

30 Gene sequence (including stop codon) of RSM02162: 
5'- 
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atggtggaaaaacgttccgttctgtgcmggjgattctctgacttggggctggattccggtgaaag 
acccatacgaacagcgttggaccggtgctatggrtgcacgtctgggtgatggttaccacatcattga^ 
actactagcctggacgacccaaacgacgctcgtctgaacggcte^ 
tctggtaatcattatgctgggtaccaacgacaccaaaagctactttc^tcgtaccccatacgagatt^ 
5 ggtaggtcaggtcctgacctgtgc^ggtggtgttggtacgccttatccagcaccgaaagtcctggtg 
caccaatgccagatccgtggttcgaaggtatgttcggcggtggttacgagaaatctaaggaact^ 
gctgatttcatgaaagtggagttcttcgcagcgggtgattgtatctccaccgacgg^tcgacggt 
aacatccgcctgggtcatgctattgctgacaaagtagcggctctgttctaa-3 * (SEQ ID NO:625) 

10 

G00355 Protein sequence: 

MVEKRSVLCFGDSLTWGWffVK^ 
15 IJSARTTSU^DPNDARLNGSTYIJMAIASHIP 

NGMGKLVGQVLTCAGGVGTPYPAPKVLWAPPPIAPMPDPWFEGMFGGG 

KEI^GLYKAIADFMKV^ 

(SEQIDNO:628) 

20 

Complete sequence of pDRIVEG00355: 

gcgcccaatecgcaaaccgcctc^ccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagc 
25 gggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggct 

tgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgatte^ 

aaagctcgg$accacgcatgctgcagacgcgttacgtate^ 

atagcatgaaxaggcggatgttggtttcagcgct^ 

agaactccactttcatgaaatcagccagjgcttt#^^ 
30 gaarcacggatctggcattggtgccagtggtggaggtgcaaccacra 

tgcacaggtcaggacctgacctaccagmaccc^ 

gtacccagcataatgattaccagatccagtggcaggtgagaagccagagccatcggcaggtaggtagagccgtt 
gtcgtttgggtcgtccaggctagtagtacg^^^ 

cacx^ggtccaacgctgttcgtatgggtaacgcagagttggggagctctctttcaccggaatccagccccaa^ 
35 aaagracagaacggaacgtttttccacx^taatct^ 

ggggcccgagctcgcggccgctgtattctatagtg^^^ 
gggaaaaccxrtggcgttacccaacttaatcgccttgra^ 

cgatcgcccttcccaacagttgcgcagcctgaatggcgaatggaaattgtaagcgttaatatmgttaaaa 
taaatragctrattttttaaccaataggccgaaatc^^ 
40 ttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatc^gggcgatggccc 


372 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 


actocgtgaaccatcaccctaatcaagtttmggggtcgaggtgccgtaaa 

ttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgcte 


cggggaaatgtgcgcggaacccctamgmatttttctaaatacattcaaatatgtat^ 
cttcaataatattgaaaaaggaagag^tgagtattcaacamccgtgtcgccctt^ 
gctcactratgaaacgctgg£gaaagtaaa^ 
gcggtaagatrcttgagagtmcgccccgaagaacgt^ 

tcacagaaaa 


aacgatcggaggaccgaaggagctaaccgctttmgcac^ 

rtgaatgaagccataccaaacgacgagcgtgacaccacgatgcc^ 

gaactactoctctagcttcccggcaacaattaatagactggat^ 

rcggctggctggmattgctgataaatctggagcxggtgagcgtgggttf^ 

gccctc^gtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaate 

tcactgattaagcattggtaactgtcagaccaagtttactcatatatac^ 

gtgaagatccttmgataatctcatgaacaataaaactgtctgcttacata^ 


gcgctggcagtgttcctgcgccggttgcat^ 

caatcacgaatgaataacggmggttgatgcgag^gatmgatgacgagcgtaatggctggcc^ 

atgcataaactmg(xattctcaccggattcagtcgtcactcatggtgamctcacttga^ 

aggttgtattgatgttggacgagtcggaatcgcagaccgataccaggatcttgccatccte 

tcattacagaaacggcttmcaaaaatatggtattgataatcctgatatgaataaa 

gaattaattcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagacc^ 

gatcctttttttctgcgcgtaatctgctgcttgcaaac^^ 

caactcttmccgaaggtaactggcttcagcagagcgcagatacc^aatactgtccttcta 

caagaac^tgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgcc^ 

gggttggactcaagacgatagttaccggataaggcgcagcggfc^ 

gcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaag^ 

aggtatccggfaagcggcagggtcggaaraggagagcgcacgag 

tgtcgggmcgccacctctgacttgagcgtcgattmgtgatgctcgtcaggggggcgga^ 

cggcctttttacggttcctggcctmgctggcc^ 

cctttgagfgagctgataccgctcgccgcagccgaacgac^ 

(SEQIDNO:629) 


Complete sequence pMC355ibs: 
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agcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggca^ 
cgggcagjgagcgcaacgcaattaatgtgag^ 

gtgtggaattgtgagcggataacaatttcacacaggaaac^gctatgaccatgattacgccaagctt 
5 ctagtaacggccgccagtgtgctggaattcgccxttggcccta^ 

mggtgattctctgacttggggctggattccggtgaaagagagctccccaactctgcgtta 
gctatggctgcacgtctgggtgatggttaccacatc^gaagaaggcctgtccgc^cgtactacta 
cgctcgtctgaacggc^ctacctacctgccgatggctctggcttctcacctgccactgg 
gacaccaaaagctactttcatcgtaccccatacgagattgccaacggcatgggtaaac^ 
1 0 gtggtgttggtacgccttatccagcaccgaaagtcct^ 

ggtatgttcggcggtgg^cgagaaatctaaggaactgtccggtctgtacaaagcactggctgam 
gcagcgggtgattgtatctccarcgacggtatcgac^^ 

tgacaaagtagcggctctgttctaagcgcgcaagggcgaaUctgcagatatccatcacactggcg^ 

agagggcccaattcgccctatagtgagtcgtattacaatt^^ 
1 S acccaacttaatcgccttgcagcacatccccctttcgccagctfggcg 

agttgcgcagcctgaatggcgaatggacgcgccctgtagcggcgcattaagcgcggcgggtg^ 

cxjg(^cacttgccagcgccctagcgcxx:gctcctttcgctttcttccctt 

ctaaatcgggggctccctttagggttccgatttagtgctto 

gtgggcc^tcgccctgatagacggtttttcgccctttgacgttggagtccacgttcttta^ 
20 acactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggcctattggtt 

atttaacgcgaattttaacaaaattcagggcgcaagggctgctaaaggaagcggaacacgtagaaagc^agt 

gtgctgaccccggatgaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcaggtagcttgca 

gtgggcttacatggcgatagctagactgggcggttttatggacagcaagcgaaccggaatt^ 

aggttgggaagccctgcaaagtaaactggatggctttcttgccgcca^ 
25 gacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggUctccggccgcttgggtggagaggctattcgg^ 

atgactgggcacaacagacaatcggctgctctgatgccgccgtgttccggctgtcagcgcagggg 

accgacctgtccggtgccctgaatgaactgcaggacgaggcagcg^ 

agctgtgctcgacgftgtcactgaagcgggaagggatf^ 

ccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttgatccggc^ 
30 accaagcgaaacatcgcatcgagcgagcacgtactc^ 
aggggctcgcgccagccgaactgttcgccaggctcaa^ 

tgcctgcttgccgaatatcatggtggaaaatggccgcttttctggattcatcgactgtggccggctgggtg^ 

ggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgcttcctc^ 

ctcccgattcgcagcgcatcgccttctatcgccttcttgacgagttcttctgaattgaaaaaggaagagtatgagte 

35 gtgtcgcccttattcccttttttgcgg 

agttgggtgcacgagtgggttacatcgaactggatctcaacag^ 
tgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccggg^ 
attctcagaatgacttggttgagtactcaccagtcac^gaaaagcatcttacggatggcatgacagt^ 
ccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggag^ 

40 atgggggatotgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatg 
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gaggcggataaagttgcaggaccacttrtgcgctcggcccttccggctggc^ 

tgggtctcgcggtatcattgcagcactggggccag^ 

actatggatgaacgaaatagacagatcgtf^ 

tactttagattgamaaaacttcatttttaatttaaaaggatctaggtgaagatcx^t^ 

agtmcgttccartgagcgtcagaccccgtagaaaagatcaaaggatcttctt 

aaacaaaaaaacraccgctaccagcggtggttt^ 

gagcgcagataccaaatactgttcttctagtg^ 

ctctgctaatcctgttaccagtggctgct^^ 


aggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgg^ 
cgattmgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggccttma 
cctmgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtatta^ 
gccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaag (SEQ ID NO:630) 


Expression of the Homologue from pMC355rbs 

To express the S. meliloti RSM02162 protein fiom the plasmid pMC355rbs (See, 
Figure 20, for a map of this plasmid), a single colony was inoculated into a 5 mis of L 
broth containing 100 jig/ml carbenicillin and grown overnight at 37°C with shaking at 
200 rpm. Lysates were prepared by pelleting the cells from 1 ml of the overnight culture 
by centrifugation and lysed with BugBuster (Novagen). The supernatants were assayed 
using the pNA activity assay, perhydrolysis assay, and a pNC6 assay (to test its ability to 
hydrolyze carbon chains longer than C4), as described herein. 

Assay Results 

The following Table (Table 11-1) provides a comparison of the hydrolysis activity 
of pNA by G00355 as compared to the M. smegmatis perhydrolase 


Table 11-1. pNA Hydrolysis Activity 
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Strain 

Rate Compared to 
pNA Hydrolysis Perhydrolase 
Rate* 

E. co///pMSATNcoI 

85 

1 

E. co/i/pMC355rbs 

80 

0.94 

K co/i/pCR2.1 

34.6 

0.41 


♦Rate is absorbance units/min read at 405 nmina spectrophotometer. 


The following Table (Table 1 1-2) provides a comparison of the perhydrolysis of 
5 triacetin by GO0355 compared to the M. smegmatis perhydrolase. 


Table 11-2. Triacetin Perhvi 

lrolvsis Activity 

Strain 

Perhydrolysis 
Activity 

Max 

Vmax 

K co///pMSATNcoI 

1.04 

11.88 

E. co///pMC355rbs 

1.17 

25.05 

E. coIi/pCR2A 

0.1 

2.9 


10 The following Table (Table 1 1-3) provides a comparison of pNC6 hydrolysis by 

G00355 compared to the M. smegmatis perhydrolase. 


Table 11-3. pNC6 Hydrolysis Activity 

Strain 

pNC6 Hydrolysis 
Rate* 

Rate Compared to 
Ms. Perhvdrolase 



E. co/Z/pMSATNcoI 

0.58 

1 

E. co/i/pMC355rbs 

6.57 

11.3 

E. colilvCRIA 

0.47 

0.8 


♦Rate is absorbance units/min read at 405 ran in a spectrophotometer. 

15 
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As these results indicate, the homologue RSM02162 from S. meliloti identified by 
amino acid sequence homology to the M. smegmatis perhydrolase demonstrated similar, 
albeit less perhydrolysis activity than the M. smegmatis perhydrolase. However, this 
enzyme exhibited different substrate specificity, as it was able to hydrolyze pNC6, while 
the wild-type M. smegmatis perhydrolase cannot 

The results of the pNC6 hydrolysis assay indicated that certain 
positions/substitutions provided an improvement in the ability of the enzyme to utilize 
longer chain substrates The positions and substitutions identified in preliminary screens 
are provided in the following Table. It is not intended that the present invention be 
limited to these specific positions and substitutions, as it is contemplated that additional 
positions and/or substitutions will also provide improved activity on longer chain 
substrates. 


Table 11-4. Positions/Substitutions with Improved 
Activitv in PNC6 Assav 

WOd-Tvpe Residue/Position 

Amino Acid VariantTs) 

L12 

G.P/O 

S54 

L.T 

1153 

F.P 

F154 

b. S.T.V 

1194 

b 

F196 

A. C. G. I. N. P. O. S. V 


EXAMPLE 12 

Amplification of Genes Encoding M. smegmatis Perhydrolase 
Homologues from Environmental Isolates 
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In this Example, methods used to amplify genes encoding M smegmatis 
perhydrolase homologues from environmental isolates are described. 

Organisms from soil samples that were positive for the trans esterification reaction 
were purified to single colonies. To amplify the genes by PCR, the degenerate primer 
5 sets 1AF/5AR and leF/5iR were used in a PCR reaction containing isolated chromosomal 
DNA from 8 environmental strains exhibiting the transesterification reaction. The PCR 
reaction was carried out using Taq DNA polymerase (Roche) as per the manufacturer's 
protocol, with 1 ng of chromosomal DNA added as template and 10 picomoles of each 
primer in a 50^1 reaction. The reaction was carried out for 30 cycles of (1 minute at 95°C; 
10 1 minute at 50*C, and 1 minute at 72°C). Since the partial coding sequence of the 

perhydrolase gene from Mycobacterium parafortuitwn was already isolated, the same 
strain was used as a positive control. The strains were designated as: 2G, 2D, 9B, 14B, 
18D, 19C, 20A. As indicated below, 20A was typed as Mycobacterium parafortuitum, 
* and 9B is Mycobacterium gibmm. Based on protein homology, it was inferred that 2D is 
15 also M. parafortuitum and 14B is M gilvum. 

Primer Sequences 
1AF: 

20 5 ' -gccaagcgaattctgtgtttcggngaytcnyt-3 ' (SEQE>NO:631) 
5AR: 

5 > -cgattgttcgcctcgtgtgaartgnrtnccrtc-3 > (SEQ ID NO:632) 
25 leF: 

5 '-acggtcctgtgctttggngaytcnyt-3 ' (SEQ ID NO:633) 
5iR: 

5 , -ccgctggtcctcatctggrtgntcnccrtc-3 > (SEQ ID NO:634) 

30 

Amplification with the above primer sets was expected to yield bands of 
approximately 500 bp. In all cases except 2G, the 1AF/5AR primer set produced a band 
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of the expected size. In the case of 1 9C, both primer sets produced bands of the expected 
size. The -500 bp bands were purified from agarose gels using a gel purification kit 
(Qiagen) and analyzed by sequencing. While the strains 2G and 19C yielded bands of the 
expected size with both prima: sets they were not the fragments encoding the M. 
smegmatis perhydrolase homologue. 

Partial Sequences of 2D Perhydrolase Homologue and Protein: 
Gene: 

5*- attctgtgttcggggattccttgacgtggggatggatc^ 

cgtccggtggaccggcgtgctggccgacctgc^ 

ccaccg<xgacgacccggccgaccxxxggc 

gacctggfgatcctgatgctcggcatcaac^ 

gggagtgcttgccacgcaggtgctcaccagcgccg^ 

cgccgccgccgctgggcgagctgccccara 

gcccgcgtgtacagcgcgctggcgtcgtt 

ggacggcacccacttcacacgaggcgaaacaatcga (SEQ ID NO:635) 
Protein: 

ILCFGDSLTWGWIPVEEGWTERFPRDVRWTGVLADLIX3 
ADDPADPRLNGSQYLPSCLASHLPLDLVILMLGINDTKAW 
ATQVLTSAGGVGTSYPAPQVLIVAPPPLGELPHPWFDLVFSGGREKTAELARVYS 
ALASFMKWFFDAGSVISTDGVDGTHFrRGETI (SEQ ID NO:636) 


Partial Sequences of 9B Perhydrolase Homologue and Protein: 
Gene: 

S'^ac^gtcgatgtgtggcctcgtgtgaagtgggtgccgttgccaagcgaattctgtgtttcg 

ctggatcccggtcgaggaaggtgtacccacccaacgtmccgaagcgggtgcgctggaccggggtgctggccgacgaac 

tgggtgctgg^tgaggttgtcgaggaggg^ 

aacggctcggactacctccccgcatgcctggccagccacc^gccgctggacctggtgatcctgatgctcgggaccaacga 

(^(^aaggcgaatctgaatcgcacacccgtcgacatcgccagcggaatgggcgtcctggccaccra 

cgggcggggtcggcaccagctacccggccccgcaggtgttgatcgtggcaccgccgccgct^ 

tggttcgagctggtcttcgacggcggccgggagaagaccgcccaactggcccgggtgtacagcg 

gaaggtgccgttcttcgacgccggatcggtgat^ 

tcgaccgg (SEQIDNO:637) 
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Protein: 

GGRCVASCEVGAVAKRILCT 

GAGYEVVEEGI^ARTTTADDPTDPMJSIGSDYLPACLASH^ 
ANimTPVDIASGMGVIATQVLTC^ 
VFDGGREKTAQljyiWSAIASFMKVPFTDAGSVISTO 
(SEQIDNO:638) 


Partial Sequences of 14B Perhydrolase Homologue and Protein: 
Gene: 

5'- attrtgtgmcggagattcgttgacgtgggg^ 

ggtgcgctggaccggggtgtfggccgacgaactgggtgct^^ 

ccaccgctgacgaccctaccgatccccggctgaa^ 

gacctggtgatcctgatgctcgggaccaacgacaccaaggcgaatctgaatcgcacacccgtcga^^ 
gggcgtcctggccacccagg^gctcaccagcgcgggcggggtcggcaccagctacw^ 
caccgccgccgctggccgagatgccgcacccgtggttc^^ 
gcccgggtgtacagcgcgctggcgfcgttcatgaaggtgccgt^ 
cgacggcacccacttcacacgagg (SEQ ED NO:639) 

Protein: 

iix:fgdslwgwipveegvptqrfpkrwwtgvladelgagyevve^ 

TADDPTDPRI2tfGSDYIJ>ACIASH 

lATQVLTSAGGVGTSYPAPQVLIVAPPPIAEMPHPWFELWDGGREK^ 
YSAIJ\SFMKVPFFDAGSVISTDGVDGTHFTR (SEQ ED NO:640) 


Partial Sequences of 20A Perhydrolase Homologue and Protein: 
Gene: 

5'- ttgccaagcggaattctgtgtttcggggattctttgacgtggggatggatccxtgtcgaagaaggtgtg 
gttcrcgcgtgacgtccggtggaccggcgtgct^ 

cggcgcgcaccaccaccgcxgacgacccggccgacccccggctcaacggttcgcagtatctgc^ 

catdgccgctggacctggtgatcctgatgctcggcatc^ 

cgcxaccggtatgggagtgcttgccacgcaggtgctcaccagcgrc 

tgctgatcgfggcgccgccgccgctgggcgagctgccccaccc^ 

accgccgagftggcccgcgtgtacagcgcgctggcgtcgt^ 

caccgacggcgtggacggcacccacttcacacgaggcgaaacaatcga-3' (SEQ IDNO:641) 
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Protein: 

LPSGILCTGDSLTWGWIPVEEGVPTERIT 
RTTTADDPADPRLNGSQYU>SCLASHIP^ 
5 GVLATQVLTSAGGVGTSYPAPQVL^ 

WSAIASFNIKVPFFDAGSVISTIXiVDGTHFmGra (SEQ ID NO:642) 


Identification of the Natural Isolates 

10 To type the environmental isolates used in this Example, plates of the purified 

strains were sent to MIDI for 16S rRNA typing. 20A is Mycobacterium parafortuitum, 
9B is Mycobacterium gilvum. By protein homology we infer that 2D. is also M. 
parafortuitum and 14B is M. gilvum. 


15 


20 


25 


30 


EXAMPLE 13 

Sequence and Taxonomic Analyses of Perhydrolase Homologues 

In this Example, sequence and taxonomic analyses of M smegmatis perhydrolase 
homologues are provided 

Taxonomic Assignment 

The basic "List of 60" protein sequences accessed from public databases and used 
for construction of primer sets for screening of metagenomic libraries (BRAIN) was 
converted into a document illustrating the microbial taxonomic origins of the proteins, as 
described below. This information was used to produce the following alignment 


MSAT 

14B natural isolate 
2 OA 

2D natural isolate 
9B Natural Isolate 
M. parafortuitum COl 
Sn>-RSK05666 


1 50 

MAKRILCFGDSLUWGHVPVEDGAPU-ERFAPDVRWUG 

ILCFGDSLTWGWI PVEEGVPT-QRFPKRVRWTG 

LPSGILCPGDSLTWGWI PVEEGVPT-ER FPRDVRWTG 

1 LCFGDSLTWGWI PVEEGVPT-ERFPRDVRWTG 

-GGRCVASCEVGAVAKR ILCFGDSLTWGWI PVEEGVPT-QRFPKRVRWTG 

MAKR ILCFGDSLTWGWI PVEEGVPT-ERFPRDVRWTG 

MKTVLCYGDSLTWGYDATGSG RHALEDRWPS 


381 


WO 2005/056782 


PCTAJS2004/040438 


GC821-2 


At-Q8DAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RMLO00301 
P.dejongeii KVM04532 
Q92XZ1 Sinorhizobium meliloti 
Q98MY5 Mesortaizobium loti 
RSM021€2_Sm 
S261_M2aA12 
anal 993 Sinorhizobium meliloti 
Consensus 


U) 
tl) 
(1) 


— MKTVLAFGDS LTWGAD PATG L — RH PVEHRWPD 

-MVKSVLCFGDSLTWGSNAETGG RH SHDDLWPS 

— MKTILAYGDSLTYGANPIPGGP RHAYEDRHPT 


(2) HAGGTIUjOECTGERMKTVICTGDSLTWGYHABOG RHALEDRHPS 

(1> MKT I LCFGDSNTWGY D PASMTAP FPRRHGPEVRWTG 

(1) MEETVARTVLCFGDSNTHGQVPGRGPLDR YRREQRBGG 

(1) MKTVXCYGDSLTWGYNAEGG RHALEDRHPS 

(1) MVEKRSVLCFGDSLTWGWI PVKESSPT-LRYPYEQRWTG 

(1) MKNILAFGDSLTHGFVAGQDAR HPFETRWPN 

( 1 ) MTINSHSWRTLMVEKRSVIX^GI>SL7>^IPVKESSPT-U*YP^ 

U) KTILCFGDSLTWGWIPV EG P RHP E RH G 


MSAT (37) 

14B natural isolate (33) 

20A (37) 

2D natural isolate (33) 

9B Natural Isolate (49) 

M. para f or tui turn COl (37) 

. . Sm-RSM05666 (32) 

At-Q8UAC0 (32) 

At-Q8UFG4 (33) 

M091_M4aEll (33) 

M1-RMLOO0301 (45) 

P.dejongeii RVM04532 (37) 

Q92XZ1 Sinorhizobium meliloti (39) 

Q98HY5 Mesorhizobium loti (31) 

RSM02162_Sm (39) 

S261_M2aA12 (32) 

Smal993 Sinorhizobium meliloti (SO) 

Consensus (51) 


51 100 
VLAO£LGADFEYlE~-EG£SARuTFNI DDPUDPRL-NGASYXPSCLAUHLP 
VIADELGAGYEVVE — EGLSARTTTADDPTDPRL-NGSDYLPACIASHLP 
VLADLLGDRYEVIE — EGLSARTTTADDPADPRL-NGSQYLPSCLASHLP 
VLADLLGDRYEVIE — EGLSARTTERDDPADPRL-NGSQYLPSCLASHLP 
VLADELGAGYEWE — EGLSARTTTADDPTDPRL-NGSDYLPACLASHLP 
VLADLLGDRYEVIE — EGLSARTTTAEDPADPRL-NGSQYLPSCLASHLP 
VLQKALGSDAHVIA — EGLNGRTTAYDDHLADCDRNGARVLPTVLHTHAP 
VLEAELAGKAKVHP — EGLGGRTTCYDDHAGPACRNGARALEVALSCHMP 
VI^KAI^DVHVI FTHEGLGGRTTAYDDHTGDCDRNGARIJ.PT LLHSH^ 
ALEQGLGGKARVIA — EGIjGGRTTVHDDWFANADRNGARVLPTLLESHSP 
VLOASLGGGVQVIA — DGLKGRTTAFDDHIAGADRKGARLLPTALTTHAP 
VLAKALGAGFRVIE — EGQNGRTTVHEDPLNICR-KGKDYLPACLESHKP 
VLQGLLGPNWQVIE — EGLSGRTTVHDDPIEGSLKNGRIYLRPCLQSHAP 
VLOASLGGGVQVIA — DGX^GRTTAFDDHLAGADRNGARLLPTALTTHAP 
AHAARLGDGYHIIE — EGLSARTTSLDDPNDARL-NGSTYLPMALASHLP 
ALAAGLGGKARVIE — EGQNGRTTVFDDAATFESRNGSVALPLLLISHQP 
AMAARLGDGYHIIE — EGLSARTTSLDDPKDARL-KGSTYLPMALASHLP 
VIA LGG Y VIE EGLSGRTT DDP D L NGS YLPT LASHLP 


MSAT 

14B natural isolate 
20A 

2D natural isolate 
9B Natural Isolate 
M. para fortui turn COl 
Sm-RSM05666 
At-Q80AC0 
At-Q8UFG4 
M091_M4aEll 
H1-RMLO00301 
P.dejongeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
Q98MY5 Mesorhizobium loti 


101 150 
( 84 ) LDLVI IMLGUNDUKAY FRRUPLDIA — LGMSVLVUQVLUSAGGVGOUY PA 
( 80 ) LDLVI LMLGTNDTKANLNRTPVDIA — SGMGVLATQVLTSAGGVGTSYPA 
(84) LDLVI LMLGINDTKAN FGRT P FDIA — TGMGVLATQVLTSAGGVGTS YPA 
(80) LDLVILMLGINDTKAN FGRT P FDIA — TGMGVLATQVLTSAGGVGTS YPA 
(96) LDLVT LMLGTNDTKANLNRT PVDI A — SGMGVLATQVLTSAGGVGT S Y PA 
(84) LDLVI LMLGTNDTKAN FGRT P FDIA- -TGMGVLATQVLTSAGGVGTS YPA 
(80) LDLIVFMLGSNDMKPI I HGTAFGAV — KGIERLVNLVRRHDWPTETE-EG 

( 80 ) LDLVI IMLGTNDIKPVHGGRAEAAV- - SGMRRLAQI VETFI YKPREA — V 

( 83 ) LDMVI I MLGTNDMKPAI HGSAIVAFTMKGVER LVKLT RNHVWQVS DW-EA 

(81) LDLIVIMLGTNDIKPHHGRTAGEAG — RGMARLVQI IRGHYAGRMQD — E 
(93) I DLIVIMLGANDMKPWI HGNPVAAK — QGIQRLI DIVRGHDYPFDWP — A 

(84) LDLVI LMLGTNDLKSTFNVPPGEIA — AGAGVLGRMI LAGDAGPENR— P 
( 87 ) LDLIIIMLGTNDLKRRFHMPPSEVA — MGIGCLVHDIRELSPGRTGN — D 
(79) I DLIVIMLGANDMKPWI HGNPVAAK — QGIQRLI DIVRGHDYPFDWP — A 
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RSM02162_Sra 
S261_M2aA12 
Steal 993 Sinorhizobium meliloti 
Consensus 


(86) LDLVI IMLGTNDT KSY FH RT P YE I A — NGMGKLVGQVLTCAGGVGT PY PA 

(80) I^LVIIMLGTNDIKFAARCRAFDAS — MGMERLIQIVRSANYMKGYK — I 

(97) LDLVI IMLGTNDTKSY FHRTPYEIA — NGMGKLVGQyLTCAGGVGTPY PA 

(101) LDLVI IMLGTNDMKA RTP DIA GMGRLV VLT AGGVG A 


MSAT (132) 

14B natural isolate (128) 

20A (132) 

•2D natural isolate (128) 

9B Natural Isolate (144) 

M. parafortuitura 001 (132) 

Sm-RSM05666 (127) 

At-Q8UAC0 1126) 

At-Q80FG4 (132) 

M091_M4aEll (127) 

M1-RMLO00301 (139) 

P.dejongeii RVM04532 (130) 

Q92XZ1 Sinorhizobium meliloti (133) 

Q98MY5 Mesorhizobium loti (125) 

RSM02162__Sm (134) 

S261_M2aA12 (126) 

Smal993 Sinorhizobium meliloti (145) 

Consensus (151) 


151 200 
PKVLVVSPPPLAPM-PHPWFQLI F-EGGEQKUUELARVYSALASFMKVPF 
POVLIVAPPPLAEM-PHPWFELVF-DGGREKTAQLARVYSALASF74KVPF 
PQVU^^PPI^L-PHPWFDLVF-SGGRF^TAELARVYSAI^FMKVPF 
P<^IVAPPPIX2L-PHPHFDLVF-SGGREKTAEI^VYSAIJ^FMKVPF 
PQVLIVAPPPLAEM-PHPHFELVF-DGGREKTAQLARVYSA^ 
PQVLIVAPPPI^L-PHPWFDLVF-SGGREKTAEIJ^VYS^LASE>1KVPF 
PEILIVSPPPLCET — ANSAFAAMFAGGVEQSAMLAPLYRDLADELDCGF 

PKLLIVAPPPCVAG PGGE PAG-GRD I EQSMRLAP L YRKLAAELGHH F 

PDVLIVAPPQLCETANPFMGAI FRDA2DESAMLASVFTYRDLADELDCGF 
PQIILVSPPPI I LGDWADMMDH FGPHEAIATSVDFAREYKKRADEQKVHF 
PQILIVSPPWSRT — ENADFREMFAGGDEASKQIJVPQYAALADEVGtXF 
PQLLIiTCPPKVRDLSAMPDLDAJa-PHGAARSAEFPRHYKAQAVALKCEY 
PEIMIVAPPPMLED — IJO-3fESIF-SGAQEKSRKIJULEFEIMADSLEAHF 
PQILIVSPPWSRT — ENADFREMFAGGDEASKQIAPQYAALMEVGCGF 
PKVLVVAPPPIAPM-PDPWFEGMF-GGGYEKSKELSGL^ 
PEILIISPPSLVPT — QDF^FNDLWGHAIAESKLFAKHYKRVAEELKVHF 
PKVLVVAPPPIJ^-PDPWFEGMF-GGGYEKSKELSGLYKAI^FMKVEF 
PQVLrVAPPPL EM P FE VF GG EKS LARVY ALAD MKV F 


MSAT (180) 

14B natural isolate (176) 

20A (180) 

2D natural isolate (176) 

9B Natural Isolate (192) 

M. parafortuitura COl (180) 

Sm-RSM05666 (175) 

At-Q8UAC0 (172) 

At-Q8UFG4 (182) 

M091_M4aEll (177) 

M1-RMLO00301 (187) 

P.dejongeii RVM04532 (179) 

Q92XZ1 Sinorhizobium meliloti (180) 

Q9BMY5 Mesorhizobiuin loti (173) 

RSM02162_Sm (182) 

S261_M2aA12 (174) 

Smal993 Sinorhizobium meliloti (193) 

Consensus (201) 


201 241 

FDAGSVISUDGVDGIHFUEANNRDLGVALAEQVRSLL (SEQ ID NO: 643) 

FDAGSVTSTDGVDGTHFTR (SEQ ID NO: 64 4) 

FDAGSVISTDGVDGTHFTRGETI (SEQ ID NO: 645) 

FDAGSVISTDGVDGTHFTRGETI (SEQ ID NO: 646) 

FDAGSVTSTDGVDGTHFTRGETIDR (SEQ ID NO: 64 7) 

FDAGSVTSTDGVDGIHFTRGEQST (SEQ ID NO:648) 

FDGGSVARTTPIDGVHLDAENTRAVGRGLEPVVRMMLGL — (SEQ ID NO: 64 9) 

FDAGSVASAS PVDGVH L DASATAA I GRALAAPVRD I LG (SEQ ID NO: 650) 

FDAGSVARTTPVDGVHLDAENTRAIGRGLEPVVRMMLGL — (SEQ ID NO: 651) 
FDAGWATTSKADGIHLDPANTRAIGAGLVPLVKQVLGL-- (SEQ ID NO: 652) 

FDAGTVT^QTTPLDGVHLDAENTRNXGKALTSVVRVML (SEQ ID NO: 653) 

FNSQEIVETSPVDGIHLEASEHLKLGEALAEKVKVIJLG (SEQ ID NO: 654) 

FDAGWOQ^SPADGFHIDEDAHRLLGEAliAQEVLAIGWEDA(SEQ ID NO: 655) 
FDAGTVAQTTPLDGVHLDAENTRNIGKALTSVVRVMLEL-- (SEQ ID NO:656) 

FAAGDCISTDGIDGIHLSAETNIRLX!»HAIADKVAALF (SEQ ID NO: 657) 

FDAGTVAVADKTDGGHLDAV14TKAIGVALVPVVKSI LAL — (SEQ ID NO: 658) 

FAAGBCI STDGI DGl HLSAETN I RLGHAIADKVAAL F (SEQ ID NO: 65 9) 

FDAGSVISTD VDGIHLDA T IGAL VR LL (SEQ ID NO: 660) 
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The alignment tree from the CLUSTALW alignment (which approximates to a 
phylogenetic tree) suggests 3 or 4 groupings. 

From this alignment, a hypothetical protein sequence was constructed from the 
consensus sequence. Where no consensus existed the site was filled with the Per amino 
acid; gaps were ignored. This provided a Per-consensus sequence: 


1 TTLCFGDSLT WGW1P VEEGA PTERHPPEVR WTGVLAQQLG GDYEVJEEGL 

51 SGRTTNIDDP TDPRLNGSSY LPTCLASHLP LDLVKMLGT NDMKAYFRRT 

101 PLDIALGMGR LVTQVLTSAG G VGTTYPAPQ VLTVAPPPLA EMPHPWFELV 

151 FEGGEEKSTE LARVYSALAD FMKVPFFDAG SVISTDGVDG IHLDAANTRD 

201 IGVALAEQVR SIX (SEQ ID NO:661) 


This consensus sequence was used for a BLASTP search against a non-redundant 
database. This search identified 55 hits. The majority of the *hits* were GDSL or GDSI 
type molecules covering a wide range of microbial diversity. However, only the first 14 
'hits' had e-values and bit-values in the reliable range. At first sight, this appeared to 
provide further molecules with a GDSL/N - G/ARTT motif, but this was found to be due 
to differences in coding (Swiss Prot vs GenBank) 

The screening of 3 environmental libraries (at BRAIN) resulted in 1 0 clones with 
a GDSL motif. A further 2 clones were derived from the BRAIN library. The following 
Table (Table 13-1) lists the clones and indicates their activity. 


Tab 

e 13-1. Clones wii 

h GDSL Motifs 

Librarv 

Clone 

Perhvdrolase Activity 

S248Fa 

S248 M40cD4 

No 

S248Fa 

S248 M44aA5 

No 

S248Fa 

S248 M18bH12 

Not Perhvdrolase 

S248Fa 

S248 M36HC5 

Not Perhvdrolase 
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S248Fa 

S248 M50cD9 

Not Perfavdrolase 

S248Fa 

S248 M2bB11 

? Low 

S261 

S261 M2aA12 

Yes 

S279 

S279 M75bA2 

Not done 

S279 

S279 MllaC12 

Not GDSL 

S279 

S279 M70aE8 

? Low 

M091 

M091 M4aE11 

Not tested 

BRAIN 

Estll4 

No 

BRAIN 

Estl05 

Not done 


M40cD4 

Strongest hit: arylesterase of Brucella melitensis (46% identical). Motifs: GDSL 
- GAND; GQTT instead of GRTT. Sequence alignment against the core list of 
organisms places it close to Caulobacter vibrioides and Brucella melitensis in the alpha- 
Proteobacteria* 

[ " — — — Msmegnnats ACT (0.5860) 

I I — Agrobacteraim turnefacfens (0.2508) 

' — — Brucella melitensis (0.2236) 

(^ulobacter vibrioides (0.2960) 

1 ~ M40cO4 (0.2796) 

M44aA5 

Strongest hit:Acyl-CoA thioesterase of Pseudomonas aeruginosa (43% 
identical). Motifs: GDSL - GGND; no GRTT or equivalent. Sequence alignment 
against the core list of organisms places it close to Pseudomonas sp in the gamma- 
Proteobacteria. 

^ M.smegmatis ACT (0.4490) 

~ Neisseria meningitidis (0.3799) 

— M44aA5 (0.3369) 

| Pseudomonas aeruginosa thioesterase (0.1468) 

' — — Pseudomonas syringae (0.1418) 

r Vforio choterae (0.2079) 

Yersinia pestis (0.2124) 
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M2bBll 

Strongest hit: aryiesterase of Brucella melitensis. Motife: GDSL - GAND; no 
GRTT or equivalent Sequence alignment against the core list of organisms shows no 
strong association placing it between the alpha- and gpmmarProteobacteria. 

— M.smegmatisACT (0.5146) 

I Escherichia coD (0.0531 ) 

I ' Salmonella enterica subsp. enterica (0.0547) 

' Yersinia pestjs (0.1 846) 

I I Vibrio cholerae (0.1522) 

— ' Vibrio rrirricus (0.1628) 

I I Pseudomonas aeruginosa thfoesterase (0.1480) 

' Pseudomonas syrihgae (0.1406) 

I Brucella meOtensis (0.3147) 

' — : r- Caulobacter vibrioses (0.3043) 

' M2bB1 1(0.3201) 

M2aA12 

Strongest hit: aryiesterase of Agrobacterium tumefaciens (42% identical) 
Motifs: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
places it close to Agrobacterium tumefaciens in the dlyharProteobacteria. 


-MsrrcgrrafcACr (0.1730) 

-Agrobacterium rhizogenes Q9KWA6Jrypprot (0.0928) 
- SrorhiaoHurn rrBBoti-hypProt (0.0815) 
Rosthecobacterdejongen RVM04532 (0.3004) 

- Agrobacterium rhizogenes Q9KWB1 (0.1338) 
— Sirxxhizobiurn nrefitoti^HYPPROT (0. 1 368) 
Agrobactertun^aciensarytesterase (0.2428) 

Agrobacterium turrEfaciens arytest (0.0084) 
Agrobacterium turefaciens Q8UFG4 (0.0103) 
Agrobacterium tur^aciens Q0ZIO9 (0.0280) 

- Sinofhizotiurn rrBM_ARYUEST (0.1363) 

rvtorhizDOtum lotTARYLEST (0.1978) 

-S261_M2aA12 (02553) 

Ratetonia pckettii (02291) 


-Ralstonia sotanacetafum (0.2143) 
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M75bA2 

Strongest hit: incomplete. BLAST search revealed nothing significant. Motifc: 
GDSL - GTND; no GRTT or equivalent. Sequence alignment against the core list of 
organisms shows no convincing associations. The closest neighbors appear to be the 
Vibrio - Aeromonas groups of the gaxnma-Proteobacteria. 


Strongest hit: acyl-CoA thioesterase from K coli (30% identical), and aryl 
esterase hydrolase from Vibrio mimicus (27% identical). Based on incomplete sequence 
GDSL-type esterase (BRAIN) from Neisseria meningitidis (50% identical). Motifs: 
GDSL - GGND; no GRTT - replaced with GRTV. Sequence alignment against the core 
list of organisms shows the closest association to Neisseria meningitidis, a member of the 
beta-Proteobacteria. 


i— [ 


M.smegmatis ACT (0.4020) 
M75bA2_pre!im (0.4499) 


Vibrio choleraejecrthinase (0.1.816) 
-Vibrio harveyi (0.0751) 
-Vibrio parahaemolyttcus (0.0780) 
-Vibrio vulnificus (0.1362) 



-Legionella pneumophila (0.3459) 
-Aeromonas hydrophfla (0*0330) 
r Aeromonas salmonicida (0.0017) 
'Aeromonas sa!monicida_GPLCACX (0.0013) 
Salmonella typhimurium SseJ (0.3861) 


M70aE8 
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M.smegmatisACX (0.4419) 

-M70aE8 (0.2787) 

- Neisseria meningitidis (0.3023) 


-Pseudomonas aeruginosa thioesterase (0.1473) 
-Pseudomonas syringae (0.1412) 
-Salmonella enterica subsp. enterica (0.1527) 
-Yersinia pestis (0.1562) 
—Vibrio choferae (0.1509) 
— Vibrio nninnicus (0.1641) 


M4a£ll 

Strongest hit: arylesterase from Agrobacterium tumefaciens (59% identity) 
Motife: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
shows the closest association to members of the alpharProteobacteria such as 
Agrobacterium. 


MsmegrratisACr (0.1697) 

Agrobacterium rheogenes CSKWABJrypprot (0.0937) 

SinorttizDbium meiaothhypProt (0.0&)6) 

Prostr^obacterdepngea RVM04532 (0.2938) 

— i^robacterium rhizogenes Q9KWB1 (0.1312) 
— SinorrHzobium rrefitotLHYPPROT (0.1394) 

Agrobacter tumafeciens arylesterase (0.2473) 

r /^obacterium tumefaciens arytest (0.0084) 

I Agrobacterium turretaciens Q8UFG4 (0.0103) 

' Agrobacteriuni tumefaciens Q9ZI09 (0.0278) 

— Sinorhizobium mefiJotiJ\RYLEST (0.1324) 

Mezomtzobium foti_ARYLEST (0.1872) 

— M091_M4aE11 (OJ2509) 

Ralstonia picketul (0.2262) 

Ralstonia solanaceranim (0.21 98) 


Estll4 

Strongest hit: phosphatidylcholine sterol acyitransferase fromAeromonas 
hydrophila (gamma-Proteobacteria) (30% identical). Motifs: GDSL - GPND; no GRTT 
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but GATT may be an equivalent. Sequence alignment against the core list of organisms 
shows the closest association to Acidophilium sp. and Aeromonas/Vibrio within the 
gzmma-Proteobacteria. 


M.smegmatis ACT (0.4350) 

- Salmonella typhrmunum SseJ (0.3837) 
Acidophilium sp. (0.3439) 

— Est1 14 (0.3317) 

Vibrio choleraejecrthinase (0.1843) 

Vibrio harveyi (0.0752) 

Vibrio parahaemolyticus (0.0786) * 

-Vibrio vulnificus (0.1340) 


Aeromonas hydrophHa (0.0318) 


j Aeromonas saimonicida (0.0017) 
'Aeromonas salmcmcida_GPLCACT (0.0013) 
-Legionella pneumophSa (0.3367) 


EstlOS 

Strongest hit: Pseudomonas aeruginosa outer membrane esterase, and 
hypothetical protein Pseudomonas putida (27% identical). Motifs: GDSL- GAND, n< 
GRTT or equivalent Sequence alignment against the core list of organisms shows the 
closest association to members of the gmxmzrProteobacteria. 

— M.smegmatis ACT (0.501 1 ) 

Est105 (0.3462) 

Moraxella bovfs (0.2785) 

Moraxella catanrhaBs (0.2835) 

— Photortiabdus lunrinescens (0.2935) 
-SatmoneBa typhimurium (0.2467) 
-Senatia fiquefaciens (0.2440) 

— Pseudomonas aeruginosa (0.2136) 

— Pseudomonas putida (02128) 


H 

— q 
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An overall alignment of these clones/sequences (here shown underlined) indicates 
that they are scattered throughout the alignment tree of strains indicating that the 
metagenomic screening has provided a variety of sequences and not a limited diversity. 
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Mamegmaifr act (0.1786) 

Agrebacterfum rhizogenes Q9WVA6_hyppra« {04856) 
Smorhizoblum rmfflott-hypProt (04837) 
Prcsthocobactor ctefongdi RVM04532 (0.2883) 


Ag rob actertum rtrizogenes Q9KWB1 (0.1362) 
Smorhizobtum meJiro«_HYPPROT (0.1344) 


Agrobader tumefadens arytssterssa (0.2454) 
S261 M2aA12 (03474) 

M091 M4aE1 1(0.2663) 
Agrobactertum tumefadens arylest (04059) 
Agrobactefium tumafadena Q8UFG4 (0.0081) 
Agrobactertum tumefadens C9ZI09 (04)283) 
Snomfzobhim melHot}_ARYLEST (0.1445) 
oftoWum toB.ARYLEST (0.1917) 



RatetonJa pickets (0.2256) 
Ratetoria aotartacersnim (0.2247) 
Agrobactertum tumefadens (0.2359) 
truceDa maUtensb (0.2292) 
Caulobacter vibrioses (0-2913) 
M40CO4 fO -2897) 

Chromobactertunt vfolaceum (0.2778) 
Pseuttanortas aeruginosa tnJoeatarase (0.1441) 
Pseudomonaa syringae (0.1444) 
Escherichia coD (04545) 
Salmonella antertca subsp. entarfca (04534) 
Yersinia peste (0.1548) 


Clostridium acotobutyOcum (03920) 
BadBu* cereus (03422) 
tterccoccus teecafts (03 
Lactococcus tacfis subsp. tecfis (03256) 
Bacfflus subBBs_hypProt (0.4082) 
AddophfBum sp. (03852) 
E511H (03606) 
r— Aaromonas hydrophfla (04321) 

"J » Aeromonas salmonldda (04015) 

* Aeromonas salri»fttcfdaJ3PljCACT (04015) 
Legkmefta pneumophila (0.3704) 
Vibrio choteraejedthinase (0.1662) 
Vibrio harveyl (04770) 
Vibrio porahaemotyticus (04765) 

VlbrfovuWflcus (0.1485) 
Salmonella typWmurwm SseJ (0.4293) 
Arabidopsls thallarta (03980) 


MoraxeDa cstarrhaBs (0.2882) 
ESllflS (03982) 
Photorhabdus Hjrntnescens (03038) 
Satmonella typhtmurium (0.2500) 
Serratia Bquetadens (0.2469) 
Pseudomonas aeruginosa (03114) 

Pseudomonas puticta (03182) 
Aspergillus aculeaius (0.4168) 
Bacrtrus subtiBs_yosT (03105) 
BacBJus subi31s_yesY (03952) 

Erwirrfa chrysantnem! (0.4168) 
MZ2bj&2 (0.4432) 

Bacillus subWs bfmBB (0.4620) 
BacOtus subbHs-fabO (0.4598) 
Bacillus subOfsJTxiM (0.4516) 

Baottus subHis YusK (0.4480) 
Bacillus SubtiUs-YhdO (0.4364) 
Homo saptens_PAF (0.4039) 
Streptococcus pneumoniae (0.4082) 
Listeria monocytogenes (0.4028) 
Pseudomonas aeruginosa HypProt (031 1 9) 
Streptomyces a«rmiUJts (03212) 

Streptomyces diastatochrcnTogenes (0.4150) 
Streptomyces scabtd (0.4230) 
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Gene Mining for GRTT - Type Esterases 
(clones with perhydrolase activity) 

Sinorhizobium meliloti Smal 993-hypothetical proteinSme 
Motifs: GDSL - ARTT - GTND 

Sinorhizobium meliloti. Q92XZ1 -hypothetical protein Sme 
Motifc: GDSN - GRTT - GTND 

Mesorhizobium loti Q98MY5-arylesterase_Mlo 
MotifkGDSL - GRTT - GAND 

Moraxella bovis AAK53448 (lipase) 

Motife: GDSL - GSND, no GRTT or equivalent in this sequence order, 
(perhydrolase activity low, questionable sequence) 

Agrobacterium tumefaciens Q8UACO 
Motifs: GDSL - GRTT - GTND 

Agrobacterium tumefaciens Q8UFG4 
Motifc: GDSL - GRTT - GTND 

Mesorhizobium loti RMLO00301 
Motifs: GDSL - GRTT - GAND 

Sinorhizobium meliloti RSM05666 

Motifs: GDSL - GRTT - GSND 

(this clone was inactive for perhydrolase activity; 

and probably represents a false negate) 

Sinorhizobium meliloti RSM02162 
Motifs: GDSL - ARTT - GTND 

Prosthecobacter dejongeii RVM05432 
Motifs: GDSN - GRTT - GTND 
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where: 


A GDSx, -X2RTT - Gx 3 ND motif characterizes the active clones/sequences, 


Xi = LorN 
X2 = AorG 
Xj = T or A or S 


The Moraxella bavis AAK53448 sequence does not fit this pattern and 
excluded from the alignment analysis provided below: 


is 


Multiple Sequence Alignment of Active Clones/Sequences 

1 50 

ACT MSMEG (1) MAKRILCFGDSLUWGWVPVEDGAPU-ERFAPDVRWUG 

Q98MY5 Mesorhizobium loti (1, -. MKTVLCYGDSLTWGYNAEGGR — HALEDRWPS 

Smal993 Sinorhizobium meliloti (1, MTINSHSTOTLMTOKRSVI^na)St.TWGWrPVKESSPT-LRYPYTORWTG 

Q92XS1 Sinorhizobium meliloti (1, -MEETVARTVLCFGDSNTHGQVPGRGPLDR YRREQRWGG 

P.dejongeii RVK04532 (1, ^lUZFGDSNTW^PASMTAPETRRHGPEVRWTG 

RSM05666_Snt (1) MKTVLCYGDSLTWGYDATGSG RHALEDRWPS 

RSM02162_Sm (1) MVEKRSVLCFGDSLTWGWI PVKESSPT-LRY PYEQRWTG 

At-Q8UAC0 (1) MKTVLAFGDSLTWGAD PATGLR HPVEHRWPD 

At-C8DFG4 (1) MVKSVLC FGDSLTWGSNAETGG RHSHDDLWPS 

M1-RMLOO0301 (1) MAGGTRLDECTGERMKTVLCYGDSLTWGYNAEGGR HALEDRWPS 

S261_M2aA12 (1, MKNILAFGDSLTWGFVAGQDA RHPFETRWPN 

M091_M4aEll (1) MKTIIAYGDSLTYGANPIPGG-PR HAYEDRWPT 

Consensus (1> MKTVLCFGDSLTWGY P G RHA E RWP 

51 100 

ACT MSMEG (37) VLAQQLGADFEVIE EGLSARtJUNIDDPUDPRL-NGASYLPSCIAUHLP 

Q98MY5 Mesorhizobium loti (31) VLQASLGGGVQVIA — DGLNGRTTAFDDHLAGADRNGARLLPTALTTHAP 

Smal993 Sinorhizobium meliloti (50) AMAARLGDGYHI I E EGLSARTTSLDDPNDARL-KGSTYLPMAIAS HLP 

Q92XZ1 Sinorhizobium meliloti (39) VXQGLLGPNWQVI E — EGLSGRTTVBDDPI EGSLKNGRI Y LRPCLQSHAP 

P.dejongeii RVM04S32 (37) VI AKM ^GFRVIE--EOT^ 

RSM05666_Sm (32) VLQKALGSDAHVTA EGLNGRTTAYDDHLADCDRNGARVLPTVLHTRAP 

RSM02162_Sm (39) AMAARLGDGYHIIE EGLSARTTSLDDPNDARL-NGSTYLPMALASHLP 

At-08UAC0 (32) VLEAELAGKAKVHP EGLGGRTTCYDDHAGPACRNGARALEVALSCHMP 

At-Q8UFG4 (33) VLQKALGSDVHVI ^HEGLGGRTTAYDDHTGDCDRNGARLLPTLLHS HAP 

M1-RMLO00301 (45) VLQASLGGGVQVIA DGLNGRTTAFDDHLAGADRNGARLLPTALTTHAP 

S261_M2aA12 (32) ALAAGLGGKARVIE EGQNGRTTVFDDAATFESRNGSVALPLLLI SHQP 

M091_M4aEll (33) ALEQGLGGKARVIA EGLGGRTTVHDDWFANADRNGARVLPTLLESHSP 

Consensus (51) VL A LGG VIE EGL GftTTAHDD A RNGAR LPT L SHAP 

101 150 
ACT MSMEG (84) LDLVIIMIX^UKAYFT«UPU)IA--LOlSVLVU0VLUSAGGVGU0YPA 
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Q98MY5 Mesorhizobium lot! 

(79) 

IDLrVTMIiGANDMKPWIHGNPVAAK — QGIQRLJDIVRGHDYPFDWPAP- 

Smal993 

Sinorhlzobium meliloti 

(97) 

LDLVI IMLGTNDTKSYFHRT PYEIA--NGMGKLVGQVLTCAGGVGT PYPA 

Q92XZ1 Sinorhlzobium meliloti 

(87) 

LDLII IMLGTNDLKRRFNMPPSEVA — HGIGCLVHDIRELSPGRTGN 


P.dejongeii RVM04532 

t84) 

LDLVILMLGTNDLKSTFNVPPGEIA — AGAGVI£RMILAGDAGPENR**PP 


RSM05666_Sm 

(80) 

LDLIVFMLGSNEMKPI I HGTAFGAV — KGT ERLVNLVRRHDWPTETEEG- 


RSM02162_Sra 

(86) 

LDLVI IMLGTNDTKSY FHRT P YE IA — NGMGKLVGQVLTCAGGVGTP Y PA 


At-QBUACO 

(80) 

LDLVI IMLGTNDI KPVHGGRAEAAVS — GMRRXAQIVETFIYKPREAVP- 


At-C8UFG4 

(83) 

LDMVI IMLGTNDMKPAI HGSAIVAFTMKGVERLVKLTRNffVWOVSDWEAP 


M1-RHL000301 

(93) 

I DLIVIHLGANDMKPWI HGNPVAAK- --GGIQRLI DIVRGHDY PFDWPAP- 


S261_M2aA12 

(80) 

LDLVI IMLGTNDI KFAARCRAFDAS — MGMERLIQrVRSANYMKGYKIP- 


M091_M4aEll 

(81) 

LDLIVIMLGTNDIKPHHGRTAGEAG — RGMARLVQI IRGHYAGSMQDEP— 


Consensus 

(101) 

LDLVI IMLGTNDMKP H P EAA GM RLV IVR YG P 




151 200 


ACT MSMEG 

(132) 

PKVLWSPPPIAF*lPflPWFOLIFE--GGEQKUUEI^ 

Q98MY5 Mesorhizobium loti 

(126) 

-QILIVSPPWSRTENADFREMFAG — GDEASKQLAPQYAALADEVGCGF 

Sroal993 Sinorhlzobium meliloti 

(145) 

PKVLWAPP P LAPMPD PWFEGMFG — GGYEKS KEISGLY KALADFMKVEF 

Q92XZ1 

Sinorhlzobium meliloti 

(132) 

DPEIMIVAPPPMLEDLKEWESI FS — GAQEKSRKLALEFEIMADSLEAHF 


P.dejongeii RVM04532 

(131) 

QLLLMCPPKVRDLSAMPDLDAKI P— HGAARSAEFPRHYKAQAVALKCEY 


RSM05666_Sm 

(127) 

PEILIVSPPPLCETANSAFAAMFAG — GVEQSAMLAPLYRDLADBLDCGF 


RSM02162_Sm 

(134) 

PKVLWAPP PLAPMPDPWFEGMFG — GGYEKSKELSGLYKALADFMKVEF 


At-Q8UAC0 

(127) 

-KLLIVAPPPCVAGPGGEPAGGRD IEQSMRLAPLYRKLAAELGHHF 


At-Q8DTG4 

(133) 

-DVLTVAPPQLCETANPFMGAI FRDAI DESAMLASVFTYRDLADELDCGF 


M1-RMLO00301 

(140) 

-OILIVSPPWSRTENADFREMFAG — GDEASKQLAPQYAALADEVGCGF 


S261_M2aA12 

(127) 

-EILIISPPSLVPTQDEWFNDLWG — HAIAESKLFAKHYKRVAEELKVHF 


M091_M4aEll 

(128) 

-QIILVSPPPI I LGDWADMMDH FG PHEA IATSVD FAREYKKRADEQKVH F 


Consensus 

(151) 

ILIVSPPPL T DF AMFG G E SK LA YKALADELK F 


201 241 



ACT MSMEG 

(180) 

FDAG5VISUDGVDGI H FUEANNRDLGVALAEQVRSLL 

(SEQ 

ID 

NO: 662) 

Q98HY5 Mesorhizobium loti 

(173) 

FDAGTVAQT T PLDGVH LDAENT RN I GKALTSWRVMLEL — 

(SBQ 

ID 

NO: 663) 

Smal993 

Sinorhizobium meliloti 

(193) 

FAAGDCISTDGI DGIHLSAETNIRLGHAIADKVAALF 

(SEQ 

ID 

NO: 664) 

Q92XZ1 

Sinorhlzobium meliloti 

(180) 

FDAGTVCQCSPADGFHIDEDAfiRLLGEAIAQEVLAIGWPDA 

(SEQ 

ID 

NO: 665) 


P.dejongeii RVM04532 

(179) 

FNSQEIVETSPVDGIHLEASEHIJa>GEAIAEKVKVLLG 

(SEQ 

ID 

NO: 666) 


RSM05666_Sm 

(175) 

FDGGS VARTT P I DGVH LDAENTRAVGRGLE PWRMMLGL — 

(SEQ 

ID 

NO: 667) 


RSM02162_Sra 

(182) 

FAAGDCISTDGI DGI HLSAETN I RLGHAIADKVAALF 

(SEQ 

ID 

NO: 668) 


At-Q8OAC0 

(172) 

FDAGSVASAS PVDGVHLDASATAAIGRALAAPVRDI LG 

(SEQ 

ID 

NO: 669) 


At~Q8UFG4 

(182) 

FDAGSVARTTFVDGVHLDAENTRAI GRGLE PWRMMLGL — 

(SEQ 

ID 

NO:670) 


M1-RMLO00301 

(187) 

FDAGTVAQTT PLDGVH LDAENTRNI GKALTSWRVML 

(SEQ 

ID 

NO: 671) 


S261_M2aA12 

(174) 

FDAGTVAVADKT DGGHLDAVNTKAI GVALV PWKS I LAL — 

(SEQ 

ID 

NO:672) 


M091_M4aEll 

(177) 

FDAGTVATTSKADGIHLDPANTRAIGAGLVPLVKQVLGL — 

(SEQ 

ID 

NO: 673) 


Consensus 

(201) 

FDAGTVA TSPVDGIHLDAENTR IG ALA WR LLG 

(SEQ 

ID 

NO: 674) 
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A guide tree (z.c, an approximation of a phylogenetic tree) of the CLUSTALW 
alignment of active clones/sequences is provided below. 


-ACT MSMEG 

iSma1993 Sinortiizobrum meitoti 

lRSM02162_Sm 

Rdejongen RVM04532 

Q92XZ1 Sinorhizobium meBIoti 


,Q98MY5 Mesorhizobium toll 
"WW*ML000301 
-RSM05666_Sm 
A1-Q8UFG4 


-At-Q8UAO0 
-S261 M2aA12 


-M091 M4aE11 


Table 13-2. Similarity and Identity of Clones/Sequences 
Compared to M. smegmatis Perhydrolase 

Clone/Sequence 

% 

Identity 

% 

Similarity 

Sinorhizobium meliloti Smal993 

55.5 

71.6 

Sinorhizobium meliloti 092XZ1 

38.7 

54.7 

Mesorhizobium loti 098MY5 

38.8 

53.4 

Moraxella bovis AAK53448 

5.0 

9.7 

Agrobacterium tumefaciens 08UACO 

36.7 

47.7 

Agrobacterium tumefaciens 08UFG4 

37.1 

50.4 

Mesorhizobium loti RMLO00301 

34.8 

50.9 

Sinorhizobium meliloti RSM05666 

37.4 

52.5 

Sinorhizobium meliloti RSM02162 

58.3 

75.2 
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Prosthecobacter deioneeii RVM05432 

41.6 

55.7 

S261 M2aA12 

39.3 

54.3 

M091 M4aElI 

34.7 

50.2 


Based on the results, the active clones were found to have an overall identity to M. 
smegmatis perhydrolase of 38.7 - 58.3%. Moraxella bovis AAK53448 was found to be 
5 an exception and the (translated) amino acid sequence is questionable. 


Redundancy 

From the analyses above, it was evident that some redundancy exists in the 
alignment provided at the beginning of this Example that will have added undue 
10 weighting to the consensus sequence. Also, further GDSL-GRTT sequences were added. 
Thus, in the revised alignment below, the following changes were made: 

Removed: 

Natural isolate 14B 
Natural isolate 2D 
15 RSM02162_Sm 

Q98MY5 Mesorhizobium loti 

Added: 

BAB16197 (Arhll) 
BAB16192(ArhI) 
20 NP 00197751 (MloII) 

NP 00216984 (Bee) 
NP 522806 (Rso) 


25 


Non-redundant alignment: 

20A 

9B Natural Isolate 
M. para fort ul turn COl 
MSAT 


1 50 

(1) LPSGILCFGDSLTWGWIPVEEGVPTERFP-RDVRWTG 

( 1 ) -GGRCVASCEVGAVAKRILCFGDSLTWGWI PVEEGVPTQRFP-KKVRWTG 
(1) MAKRILCFGDSLTWGHIPVEEGVPTBRFP-RDVRWTG 


(1) 


MRKRILCFGDSLTWGWVPVEDGAPTERFA-PDVRWTG 
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SB-RSM05666 

(1) 

MKTVLCY GDS LTWGY DATG SGRHAIXDRWPS 


At-Q8UAC0 

(1) 

HKTVLAFGDS LTWGAD PAT GLRHPVEHRWPD 


At-Q8UFG4 

tl) 

MVKSVLCFGDSLTWGSNAET GGRHSHDDLWPS 


M091_M4aEll 

(1) 

MKT I LAYGDSLTYGANPI P GG PRHAYEDRWPT 


M1-RMLO00301 

(1) 

MAGGTRLDECTGERMKTVLCYGDSLTWGYNAE GGRHALEDRWPS 


P.dejongeii RVM04532 

(1) 

MKTILCFGDSKTWGYDPASMTAPFPRRHGPEVRWTG 

Q92XZ1 Sinorhizobium meliloti 

(1) 

MEETVARTVLCFGDSNTHGCFVPG — RGPLDRY R-REQRWGG 


S261_M2aAl2 

(1) 

MKNjtLAFGDSLTWGFVAG -QDARHPFETRWPN 

Smal993 

Sinorhizobium meliloti 

U) 

mtinshswrtimvekrsvlcfgdsltwgwi pvkessptlryp-yeqrwtg 


ZP_00197751 

(1> 

MKTILCYGDSLTWGYDAVG PSRHAYEDRHPS 


ZP_00216984 

(1) 

MTMTQKTVUTIfGDSNTHGTRPMrHAGGLGREA-REERWTG 


BAB16192 

(1) 

MlCHKGGEEMRSVLOf GDSNTHGQI PG — GSPLDRYG-PNERWPG 


BAB16197 

(1) 

MAESRSILCFGDSLTWGWIPVPESSPTLRYP-FEQRWTG 


NP_522806 

(1) 

MQQILLYSDSLSWGIIPG TRRRLPFAARWAG 


Consensus 

Ui 

MKTI LCFGDSLTWGWI PV P RR E Rtf G 




51 100 


20A 

(37) 

VIADLLGDRYEVIE EGLSARTTTADDPADPRLN-GSQYLPSCLASHL 


9B Natural Isolate 

(49) 

VLADELGAGYEWE EGLSARTTTADDPTDPRLN-GSDYLPACLASHL 


H. para f or tui turn COl 

(37 ) 

VIADLLGDRYEVIE EGLSARTTTAEDPADPRLN-GSQYXPSCLASHL 


MSAT 

(37) 

VLAQQLGADFEVIE EGLSARTTNI DDPTD PRLN-GAS YLPSCLATHL 


Sm-RSM05666 

(32) 

VLQKALGSDAHVXA EGLNGRTTAYDDHLAIXXRNGARVLPTVLHTHA 


At-Q8UAC0 

(32) 

VLEAELAGKAKVHP EGLGGRTTCYDDHAGPACRNGARALEVALSCHH 


At-Q80FG4 

(33) 

VLQKALGSDVHVI FT- REGLGGRTTAYDDHTGDCDRNGARLLPTLLHSHA 


M091_M4aEll 

(33) 

ALEQGLGGKARVIA EGLGGRTTVHDDWFANADRNGARVLPTLLESHS 


M1-RMLO00301 

(45) 

VLQASLGGGVQVIA DGLNGRTTAFDDHLAGADRNGARLLPTALTTHA 


P.dejongeii RVM04532 

137) 

VLAKALGAGFRVIE EGQNGRTTVHEDPLNI CRK— GKDYLPACLESHK 

Q92XZ1 

Sinorhizobium meliloti 

(39) 

VLQGLLGPNWQVIE EGLSGRTTVH DDPI EGS LKNGR I Y LR PCLQS HA 


S261_M2aA12 

(32) 

ALAAGLGGKARVIE — -EGQNGRTTVFDDAATFESRNGSVAJLPIXLXSHQ 

Smal993 

Sinorhizobium meliloti 

(50) 

AMAARLGDGYHI I E EGLSARTTSLDDPNDARLN— GSTYLPMALASHL 


ZP_00197751 

(32) 

VLQGRLGS SARVIA EGLCGRTTAFDDWVAGADRNGARILPTLLATHS 


ZP_00216984 

(40) 

VLAQTLGASWRVIE EGLPARTTVHDDPIEGRHKNGLSYLRACVESHL 


BAB16192 

(43) 

VLRRELGSQWYVIE EGLSGRTTVRDDPIEGTMKNGRTYLRPCLMSHA 


BAB16197 

(39) 

AMAAALGDGYSIIE EGISARTTSVEDPNDPRLN-GSAYLPMALASHL 


NP_522806 

(32) 

VMEHALQAQGHAVRIVEIXXNGRTTVXDDPARPGRN-GIXX^IAQRIEAHA 


Consensus 

(51) 

VIA LGA Y VIE EGL GRTT DDP D RNGA YXP L SH 




101 150 


2 OA 

(83) 

PLDLVI LMLGINDTKANFGRTPFD — IATGHGV1ATQVLTSAGG-VGTSY 


9B Natural Isolate 

(95) 

PLDLVI LMLGTNDTKANLNRTPVD — IASGMGVLATQVIiTSAGG-VGTSY 


M. para for tui turn COl 

(83) 

PLDLVI LMLGTNDTKANFGRTP FD — IATGMGVLATQVLTSAGG-VGTSY 


MSAT 

(83) 

PLDLVI I HLGTNDT KAY FRRTPLD — IALGMSVLVrQVLTSAGG-VGTTY 


Sm-RSM05666 

(79) 

PLDLIVFMLGSNDMKPI I HGTAFG — AVKGI ERLVNLVRRHDWPT — ETE 


At-08UAC0 

(79) 

PLDLVI I MLGTNDIKPVHGGRAEA — AVSGMRRLAQ I VET FI YK PRE 


At-Q8UFG4 

(82) 

PLDMVI IMLGTNDMKPAIHGSAIVAFTMKGVERLVKLTRNHVWQV — SDW 


M091_M4aEll 

(80) 

PLDLIVIHLGTNDIKPHHGRTAGE— AGRGMARLVQIIRGHYAG RMQ 


M1-RMLO00301 

(92) 

PI DLIVIMLGANDMKPHI HGNPVA— AKQGIQRLIDIVRGHDYP FDH 
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P.dejongeil KVM04532 (83) 

Q92X21 Sinorhizobium meliloti (86) 

S261_M2aAl2 (79) 

Sraal993 Sinorhizobium meliloti (96) 

2P_00197751 (79) 

ZPJJ0216984 (87) 

BAB16192 (90) 

BAB16197 (85) 

NP_522806 (81) 

Consensus (101) 


PLDLVI LMLGTNDLKST FNVPPGE - ■ 
PLDLIIIMLGTNDLKRRFNMPPSE— 
PLDLVI IKLGTND I KFAARCRAFD-- 
PLDLVI IMLGTNDTKSYFHRT PTE - 
PLDLVIVMLGTNDMKSFVCGRAIG— 
PVDVV\021LGTNDLKTRFSVTPAD-- 
ILDLVI IMLGTNDLKARFGQPPSE-- 
PLDLVl ILLGTNDTKSTf FRRTPYE— 
PLALVTLMLGTNDFQAI FRHTAQD — 
PLDLVI IHLGTNDLKA F TP D 


-IAAGAGVLGRHILAGDA GPEN 

-YRMGI GCLVHPIRELSP GRTG 

■ASMCMERLIQIVRSANYM KGY 

• IANGMGKLVGQVLTCAGG- VGT PY 

-AKQGMERIVQIIRGQPYS FNY 

IATSVGVLLAKIAACGA 6PSG 

■VAMGI GCLVYDIRELAP GPGG 

IANGMGKLAGOVLTSAGG- IGTPY 

AAQGVAQLVRAI RQAPI E P GM 

IA GMGRLV VR G G Y 


20A (130) 

9B Natural Isolate (142) 

M. para fortui turn COl (130) 

MSAT (130) 

Sm-RSM05666 (125) 

At-Q8DAC0 (124) 

At-Q80PG4 (130) 

M091Jf4aBll (125) 

M1-RMLO00301 (137) 

P.dejongeil RVM04532 (128) 

Q92XZ1 Sinorhizobium meliloti (131) 

S261_M2aA12 (124) 

Smal993 Sinorhizobium meliloti (14 3 J 

ZPJ)01 97751 (124) 

ZPJ)0216984 (132) 

BAB16192 (135) 

BA816197 (132) 

NP_522806 (126) 

Consensus (151) 


151 200 
PAPQVLIVAPPPI^LPHPWFDL— VTSGGREltfAEI^^ 
PAPQVLIVAPPPLAEMPHPWFEL — VFDGGREKTAQLARVYSALAS FMKV 
PAPQVLIVAPPPlX^LP)lPWFt)L--VySGGREKTAEIJVRVYSAIJVS FMKV 
PAPKVnAWSPPPIAPMPHPWFOjL—IFBO^KTTELAR^ 
EGPEILIVSPPPLCETANSAFAAMFAGGVEQSAMLAP — LYRDLADELDC 
AVPKLLIVAPPPCVAGP — GGE PAGGRDI EQSMR LAP — LYRKLAAELGH 
EAPDVLXVAPPQLCETANPFMGAI FRDAIDESAMLASVFTYRDLADELDC 
DEPQI I LVSPPPIILGDKADMMDH FGPHEAIATSVDE7VREy KKRADEQKV 
PAPQILIVSPPVVSRTENADFREMFAGGDEASKQLAP — QYAALADEVGC 
RPPQLLLHCPPKVKDLSAMPDLDAKI PHGAAR- SAE FPRHY KAQAVALKC 

NDPEIMIVAPPPMLEDLKEWES 1 FSGAQEKSRKLALEFEIMADSLEA 

KI PEI LI I S P PS LVPTQDEWFNDLWGHAI AESKLFAK — H Y KRVAEELKV 
PAPKVLWAPPPLAPMPDPWFEG — MrGGGYEKSKELSGLYKALADFMKV 
KVPSI LLVAPPPLCATENSDFAEI FEGGMAESQKLAP — L YAALAQQTGC 

ASPKLVLMAPAPIVEVGFLGEI FAGGAAK-SRQLAKRYEQVASDAGA 

KPPETMWAPPPMLDDIKEHEP 1 FSGAQEKSRRLALE FEI IADSLEV 

PAPKLLIVS P P PLAPMPDPM FEG — MFGGGY EKSLELAKQY KALANFLKV 

PVPPVLIWPPAITAPAGAMADK FADAQ PKCAGLAQAY RATAQTLGC 

AP ILIVAPPPL E WF IFGGA KS LA YKALA LKV 


20A (178) 

9B Natural Isolate (190) 

M. parafortuitua COl (178) 

MSAT (178) 

Sm-RSM05666 (173) 

At-Q8UAC0 (170) 

At-Q8UFG4 (180) 

M091_M4aEll (175) 

K1-RMLO00301 (185) 

P.dejongeii RVM04532 (177) 

Q92XZ1 Sinorhizobium meliloti (178) 

. S261_H2aA12 (172) 

Steal 993 Sinorhizobium meliloti (191) 

SP_001 97751 (172) 


201 248 

PFFDAGSVISTDGVDGTHFTRGETI (SEQ ID NO: 675) 

PFFDAGSVI STDGVDGTHFTRGETIDR (SEQ ID NO: 676) 

P FFDAG S VI ST DGVDGI H FTRGEQST (SEQ ID NO: 677) 

PFFDAGSVISTDGVI)GIHFTFANNRDLGVAIAE<y/RSLL (SEQ ID NO: 678) 

GFFDGGSVARTTPIDGVHIJiAENTRAVGRGLEPVVRMMLGL (SEQ ID NO: 679) 

HFFT)AGSVASASPVTK^VHLDASATAAIGRALAAPVRDILG (SEQ ID NO: 680) 

GFFDAGSVARTTPVDGVHLDAENTRAIGRGLE PWRMMLGL (SEQ ID NO: 681) 

H FFDAGTVATTSKADGIHLDPANTRAI GAGLVPLVKQVLGL (SEQ ID NO: 682) 

GFFDAGTVAQTT PLDGVliUiAENTRNI GKALTSVVRVML (SEQ ID NO: 6B3) 

EYFNSQEIVETSPVDGIHLEASEHIJ<WSFJUAEK\?KVLLG (SEQ ID NO: 684) 

HFFDAGTVCQCSPADGFHIDEDAHRLLGEA1AQEVLAIGWPDA (SEQ ID NO: 685) 

H FFDAGTVAVADKTDGGHLDAWTKAIGVALVPVVKSI LAL (SEQ ID NO; 686) 

EFFAAGDCrSTDGI DGIHLSAETNIRLGHAIADKVAALF (SEQ ID NO: 687 

AFTDAGTVARTTPLDGIHIXAENTRAIGAGLEPVVRQALGL (SEQ ID NO: 688) 
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ZP_00216984 (178) HFlJ2AG?OVEVSPVDGVHFAADQHim^RV7^I^IA (SEQ ID HO: 689) 

BAB16192 (182) HFFDAATV7VSCDPCIXiFHlNREAHEALGTM^EVEArGWR (SEQ ID NO; 690) 

BAB16197 (180) DFU3A^FVKTDGCIXaHFSAETNlTIjGHRIjy\KVEAI FSQEAKNAAA (SEQ ID HO; 691) 

NP_522806 (173) HVFDANSVT PASRVDGI HUJADQHAQI^RflMAQVVGTLLAQ (SEQ ID KO;692> 

5 Consensus (201) FFDAGSV TS PVDGI HLDAENTR LG ALA VR IL (SEQ ID NO: 693) 


10 

The guide tree to the CLUSTALW alignment (which approximates to a 
phylogenetic tree) clearly indicates 3 groupings: 

1) GDSL - ARTT group including Act 

2) GDSL - GRTT group composed of members of the Rhizobiales and the 
15 metagenome; and 

3) Intermediate group of mixed motifs. 

It is also contemplated that the results suggest some form of gene duplication and 
mutation events in the Rhizobiales and lateral gene transfer to Mycobacterium. 
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20A Mycobacterium Darafortuitum 
M. Darafortuitum COI 
9B Natural Isolate Mycobacterium eilvuJn 


MSAT M. smeematis 

Sma1993 Sinorhizobium meliloti 
BAB1 61 97 Aerobacterium tumefaciens- 
Prothecobactendeioneeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
BAB16192 A. tumefaciens 
— ZP 00216984 Burkholderia ceoacia 
~NP 522806 Ralstonia soianacearum - 


GDSL-ARTT 


Mixed 


At-Q8UAC0 A. tumefaciens 
Sm-RSM05666 Sinorhizobium meliloti 

At-Q8UFG4 A. tumefaciens 
MI-RMLO00301 Mesorhizobium loti 
ZP 00197751 Mesorhizobium loti 
M091 M4a I 
S261 M2a | Metagenome 


GDSL-GRTT 


5 

Using the non-redundant alignment a new Act consensus was constructed called 
"Act chimera". 


10 1 KTILCFGDSL TWGWIPVEDG .APTERRAPEV RWTGVLAQQL GADYEVIEEG 

51 LSGRTTNIDD PTDPRLRNGA SYLPSCLASH LPLDLVI IML GTNDLKAYFR 

101 RTPLDIALGM GRLVTQVRTS AGGVGTTYPA PKILIVAPPP LAEMPHPWFQ 

151 LIFGGAEQKS TELARVYKAL ASFLKVPFFD AGSVISTSPV DGIHLDAENT 

201 RDLGVALAEQ VRSIL (SEQ ID NO: 694) 


15 


An alignment of Act-chimera with Ms Act (Chimera align) indicates 91 .6% 
similarity and 86.0% identity, as indicated below. 
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10 


15 


20 


25 


MSAT 
Act -Chimera 
Consensus 


MSAT 
Act -Chimera 
Consensus 


MSAT 
Act -Chimera 
Consensus 


MSAT 
Act-Chimera 
Consensus 


MSAT 
Act -Chimera 
Consensus 


1 50 
(1) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLAQQLGADFEVIE 
(1) — KTILCFGDSLTWGWI FVEDGAPTERRAPEVRWTGVLAQQLGADYEVI E 
(1) K ILCFGDSLTWGWI PVEDGAPTER APDVRWTGVLAQQLGADFEVIE 

51 100 
(51) EGLSARTTNI DDPTDPRLN-GAS YLPSCLATHLPLDLVIIMLGTNDTKAY 
(49) EGLSGRTTNI DDPTDPRLRNGASYLPSCIiASHLPLDLVI IMLGTNDLKAY 
(51) EGLS ARTTN I DD PT DPRL GAS YLPSCLASHLPLDLVI IMLGTND KAY 

101 150 

( 100 ) FRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLWSPPPLAPMPHPW 
( 99 ) FRRTPLDIALGMGRLVTQVRTSAGGVGTTYPAPKILI VAPPPLAEMPHPW 

(101) FRRTPLDIALGM LVTQV TSAGGVGTTYPAPKILIVAPPPLA MPHPW 

151 200 

( 150 ) FQLI FEGGEQKTTELARVYSALASFMJCVPFFDAGS VI STDGVDGI H FTEA 
(149) FQLI FGGAEQKSTELARVYKALASFLKVPFFDAGSVI STS PVDGIHLDAE 

(151) FQLIF GAEQKSTELARVY ALASFLKVPFFDAGSVIST VDGIH 


201 217 

(200) NNRDLGVALAEQVRSLL 
(199) NTRDLGVALAEQVRS I L 

(201) N RDLGVALAEQVRS I L 


(SEQ ID NO: 695) 
(SEQ ID NO: 694) 
(SEQ ID NO: 696) 


A BLASTP search with Act-chimera did not reveal any further sequences. 

30 The Act-chimera is "forced" on the Per sequence at the positions where no 

consensus exists. However, a basic 'unforced* consensus sequence did not provide any 
more information from a blastp search or from alignment analysis. Thus, comparison 
with the most distant homologues in the blastp 'hit' list was considered more useful in 
defining the important residues/positions in Act sequence space. This was a useful 

35 exercise, as these sequences were not used in the non-redundant alignment. 

For example, Rhodopirellula baltica (NP 865748; Psp; a Planctomycetes and 
quite different from either Mycobacterium or Rhizobiales), was compared as shown 
below. 
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10 


15 


20 


25 


MSAT 
NP_865746 
Consensus 


MSAT 
NP_865746 
Consensus 


MSAT 
NP_865746 
Consensus 


MSAT 
NP_865746 
Consensus 


MSAT 
NP_865746 
Consensus 


1 50 

(1) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLA QQLGADFE 

( 1 ) -MHSILI YGDSLSWGIIPGTR RRFAFHQRWPGVMEIELRQTGIDAR 

(1) IL FGDSLSWG IP RFA RW GVL Q G D 

51 100 
(48) VIEEGLSARTTNIDDPTDPRLNGASYLPSCLATHLPLDLVIIMLGTNDTK 
(4 6) VIEDCLNGRRTVLEDPIKPGRNGLDGLQQRIEINSPLSLWLFLGTNDFQ 
(51) VIED L AR T IDDP P NG L I PL LVII LGTND 

101 150 
( 98 ) AYFRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLWSPPPLAPMPH 
(96) SVHEFHAEQSAQGLALLV — DAIRRSPFEPGMPTPKILLVAPPTVHH-PK 
(101) A A GLALLV P PKILLVAPP L P 

151 200 
(14 8) PWFQLIFEGGEQKTTELARVYSALASFMKVPFFDAGSVISTDGVDGIHFT 
(143) LDMAAKFQNAETKSTGLADAIRKVSTEHSCEFFDAATVTTTSVVDGVHLD 
(151) F . AE KST LA LAS FFDAASV ST VDGIH 


201 222 

(198) EANNRDLGVALAEQVRSLL 

(193) QEQHQALGTALASTIAEILADC 
(201) N LG ALA I IL 


(SEQ ID NO: 695) 
(SEQ ID NO: 697) 
(SEQ ID NO: 698) 


30 


The following is an alignment with Ralstonia eutropha (Reu): 


35 


40 


MSAT 
ZP_00166901 
Consensus 


MSAT 
ZP00166901 
Consensus 


1 50 

( i ) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLA — 

( 1 ) MPLTAPSEVDPLQILVYADSLSWGIVPGTR RRLPFPVRWPGRLELG 

(1) IL FADSLSWG VP R VRW G L 

51 100 
(40) — QQLGADFEVIEEGLSARTTNIDDPTDPRLNGASYLPSCLATHLPLDLV 
(47) LNADGGAPVRIIEDCLNGRRTVWDDPFKPGRNGLQGLAQRIEIHSPVALV 

I H PL LV 


(51) 


GA IIED L AR T DDP P NG 


45 


MSAT 
ZP_00166901 
Consensus 


101 150 
(88) I IMLGTNDTKAYFRRTPLDI ALGMS VLVTQVLTSAGGVGTTYPAPKVLW 
( 97 ) VLMLGNNDFQSMH PHNAWHAAQGVGALV — HAIRTAPI EPGMPV PP I LW 
(101) IIMLG ND A A GM LV A I P P ILW 
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151 200 
MSAT (138) SPPPLAPMPHPWFQLIFEGGEQKTTELARVYSALASEmVPFFDAGSVIS 
ZP_001 66901 (145) VPPPIRT-PCGPLAPKFAGGEHKWAGLPEALRELCATVDCSLFDAGTVIQ 
Consensus (151) PPPI P F GGE K L LAM FDAGSVI 


10 


201 237 

MSAT (188) T DGVDG I HFTEANNRDLGVALAEQVRSLL 

ZP_00166901 (194) SSAVDGVHLDADAHVALGDALQPWRALLAESSGHPS 
Consensus (201) S AVDGIH LG AL VRALL 


(SEQ ID NO: 695) 
(SEQ ID NO: 699) 
(SEQ ID NO: 700) 


Based on these results, the following conclusions were made. A BLASTp nr- 
database search with a perhydrolase consensus sequence revealed GDSL or GDSI 

1 5 lipases/esterases from a wide diversity of organisms. However, only 1 2 or 1 4 of these 

were reliable homologues of Per. Nearly all of these were derived from 1 small group of 
bacteria, namely the Rhizobiales (i.e., Gram-negative soil bacteria belonging the alpha- 
Proteobacteria). A few members of the \xtorProteobacteria were found, but no 
Mycobacterium sp. This provides an indication that the perhydrolase (Per) gene/protein 

20 is not widely distributed in nature. 

The Mycobacterium protein is characterized by the GDSL-ARTT motif, whereas 
most of the Rhizobiales are characterized by a GDSL-GRTT motif. There are also some 
mixed or intermediate motifs (e.g„ GDSN-GRTT, GDSN-ARTT and SDSL-GRTT). 
This may indicate gene duplication and mutation event and lateral gene transfer. The 

25 consensus residues identified in these experiments were L6, W14, R27, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, F180, and G205. 

Using the non-redundant alignment and comparison with distant homologues the 
follow sequence space can be defined starting at position 5 of the M. smegmatis 
perhydrolase and ending at position 195, with perhydrolase shown in residues in bold. 

30 

P, V][L][X][F, YlIfiSimHSF^WlIT, S][W, Y, H][G][X] 2 [P, A][X] 14 [R, L][W] 
[X] 7 [L][X] 5 [V, I][I, V, H][X][E. D][G, C][L, Q][X][C Tj A][R][T][T][X] 2 [D, E][D] 
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[X] 7 [G][X] 3 [L][X] 6 [H][X][P, I][L, I, V][D, A][V, I][X] 2 [M, L][L][fi][X][N][I)] 
[X] 36[P][X] 6[P][P, A]pq 3i[A][X] i9[D][G][X][H] (SEQ ID NO:701) 

In sum, it is clear from the analyses above that the active clones/sequences with a 
GDSxi - xiRTT - GX3ND motif have all been found among the alpba-Proteobacteria - 
Gram-negative bacteria associated with the soil rhizosphere. This is in sharp contrast to 
the prototype perhydrolase from M. smegmatis - a high GC content Gram-positive 
bacterium assigned to the class Actinobacteria. This division is illustrated in Figure 2, 
which provides a phylogenetic tree, showing the major branches of the bacteria and the 
origin of the active clones/sequences compared to M. smegmatis. 

EXAMPLE 14 

Native Molecular Weight Estimation of Homologues of the Perhydrolase 

In this Example, experiments conducted to estimate the native molecular weights 
of M. smegmatis perhydrolase homologues are described. 

Preparation of Samples for Purification (Size Determination) 

A single colony of the desired strains was inoculated in 50ml Terrific Broth and 
incubated overnight at 3TC with shaking at 200 rpm. The cells were pelleted by 
centrifiigation for 10 minutes at 7000 rpm in a Sorvall SuperSpeed Centrifuge. The 
pellets were then resusp ended in 10 ml 25mM Bis-Tris (pH 6.5) and lysed by passage 
through a French pressure cell twice. The lysates were then centrifuged at 1 5000 rpm in a 
Sorvall SuperSpeed Centrifuge. The soluble fraction was heat treated at 55°C for 1 hour 
to precipitate cellular proteins. The samples were then centrifuged at 10000 rpm in a 
Sorvall SuperSpeed Centrifuge and the soluble fractions used for further purification or 
assay. 
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The supernatants (prepared as described above) were run on a Sephadex 200 

sizing column in 20 mM phosphate (pH 8.0), with a flow rate of 0.5 ml/min. The column 
5 was calibrated prior to running the samples with MW standards (listed below) and 

purified M. smegmatis perhydrolase protein. The crude sample elution volumes were 

determined by collecting 0.5 ml fractions, and assaying the fractions for pNB activity. 

Molecular weights and elution volumes of the standards: 

Thyroglobulin MW 669 kDa : elution volume 16ml 
10 Aldolase MW 158 kDa: elution volume 24 ml 

Ovalbumin MW 43 kDa: elution volume 26 ml 

Ribonuclease MW 14 kDa: elution volume 32 ml 

Perhydrolase elution volume 24 ml 

15 Results 

The following Table (Table 14-1) provides the elution volume of some of the M 
smegmatis perhydrolase homologues identified herein. 


Table 14-1. Elution Volume (Estimated Molecular Weight) of 
M. smeematis Perhvdrolase Homoloeues 

Homologue Sample 

Elution Volume (mi) 

pLO Smel 

24 

pET26 Smell 

24 

pET26 MIO 

24 

pET26b Stm 

24 

pET26b Mbo 

24 

M70aEB oET26 

32 

pET26 m2aA12 

24 

nET26b S2487am 

32 
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S. meliloti RSM02162 fG00355^ 

24 

PET M2aA12f526H 

24 

M. smeematis Perhvdrolase 

24 


The data in the above Table and the assay results obtained for these homologies 
indicated that these enzymes have an amino acid sequence similar to the M. smegmatis 
5 perhydrolase. As with the M smegmatti perhydrolase, these homologies exhibit 

perhydrolysis activity as multimers. As described herein, the perhydrolase is an octamer, 
while the homologues, although they elute in a similar volume, are contemplated to be 
dimers, trimers, tetramers, hexamers, and/ or octamers. 

10 

EXAMPLE 15 
Crystal Structure of Perhydrolase 

In this Example, the crystallographic analysis of the perhydrolase is described. 

1 5 Perhydrolase crystals were obtained under two conditions: 2.0 M [NH4]2S04, 2% 
PEG400, 0.1 M Tris pH 7.1 (giving triclinic, PI crystals) and 1 .0 M ammonium 
dihydrogen phosphate, and 0.1M sodium citrate pH 5.6 (giving tetragonal, P4 crystals) 
Both crystal forms gave suitable diffraction beyond 2.0A resolution. Derivative protein 
for a MAD phase determination using selenium replacing sulfur containing methionine 

20 resulting in a protein molecule having four selenomethionines the N-terminal methionine 
is cleaved proteolytically. Of the two forms, triclininc PI a= 83. 77 A b=90.07A c= 
112.115A a=73.32° p= 77.30° Y =88.07° and P4 a=b=98.18A c= 230. 12 A, the 
P4 crystal gave data that was possible to use for structure determination. Three 
wavelength MAD datasets were collected at wavelengths corresponding to the Se 

25 absorption edge, near the inflection point and a third, away from the absorption edge. 
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Three hundred and thirty-three frames (0.3 degree oscillations per frame) for each 
wavelength with 1 sec exposure time were collected from a single tetragonal space group 
P4 crystal. The structure could be solved with either SOLVE or SHELX computer 
programs giving similar solutions for the 32 possible Se positions. The map was fitted 
using the program "O". It was possible to trace electron density for residues 3-21 6 in 
each of the eight independent molecules. The final structure of these eight molecules was 
refined using CNS. The current crystallographic R-factor is 21%. The coordinates are 
provided below. 
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-4.673 -41.634 23.375 1.000 37.50 

-5.985 -43.926 26.721 1.000 17.49 

-5.482 -44.784 27.450 1.000 25.27 

-6.989 -43.150 27.092 1.000 14.45 

-7.592 -43.125 28.421 1.000 12.64 

-7.966 -41.683 28.814 1.000 10.68 

-8.580 -41.609 30.199 1.000 13.66 

-6.742 -40.774 28.752 1.000 20.51 

-8.808 -44.042 28.507 1.000 9.73 

-8.890 -44.834 29.452 1.000 2.23 

-9.722 -43.964 27.553 1.000 10.63 

10.888 -44.824 27.410 1.000 6.85 

11.369 -44.833 25.961 1.000 16.41 

12.281 -43.727 25.488 1.000 21.19 

12.464 -43.806 23.974 1.000 26.66 

11.862 -42.659 23.309 1.000 30.35 

11.493 -42.567 22.044 1.000 31.60 

11.658 -43.585 21.214 1.000 34.85 

10.952 -41.433 21.610 1.000 52.70 

10.600 -46.279 27.775 1.000 9.71 

-9.603 -46.830 27.300 1.000 16.85 

-11.450 -46.924 28.577 1.000 10.64 

■11.166 -48.311 28.952 1.000 6.46 

■12.149 -48.855 29.979 1.000 12.45 

-13.561 -49.106 29.583 1.000 6.95 

•14.104 -50.199 28.835 1.000 9.27 

-15.493 -49.986 28.723 1.000 5.43 

-13.571 -51.345 28.240 1.000 14.72 

•14.622 -48.298 29.888 1.000 4.49 

•15.786 -48.820 29.374 1.000 4.03 

-16.337 -50.864 28.050 1.000 8.19 

•14.405 -52.216 27.572 1.000 12.73 

-15.778 -51.976 27.479 1.000 8.32 

-11.111 -49.214 27.723 1.000 7.27 

-10.393 -50.222 27.767 1.000 11.53 
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35 -11.839 -48.887 

35 -11.730 -49.673 

35 -12.708 -49.239 

35 -12.629 -47.820 

35 -14.146 -49.549 

35 -10.307 -49.555 

35 -9.738 -50.494 

36 -9.756 -48.361 
36 -8.392 -48.056 
36 -7.407 -48.785 

36 -6.374 -49.252 

37 -7.686 -48.905 
37 -6.696 -49.577 
37 -6.921 -49.365 
37 -6.092 -50.382 
37 -6.577 -47.940 
37 -6.707 -51.081 

37 -5.669 -51.735 

38 -7.911 -51.586 
38 -8.094 -52.999 
38 -9.573 -53.266 
38 -9.975 -54.663 
38 -9.747 -55.691 
38 -11.425 -54.677 
38 -7.224 -53.347 

38 -6.408 -54.262 

39 . -7.404 -52.568 
39 -6.603 -52.667 
39 -6.894 -51.487 
39 -5.112 -52.704 

39 -4.411 -53.632 

40 -4.653 -51.665 
40 -3.251 -51.553 
40 -2.974 -50.365 
40 -3.597 -49.034 
40 -3.070 -47.877 
40 -1.998 -47.335 
40 -3.809 -47.475 
40 -2.822 -52.851 

40 -1.856 -53.475 

41 -3.563 -53.239 
41 -3.253 -54.423 
41 -4.258 -54.582 
41 -4.064 -53.605 
41 -2.788 -53.852 
41 -2.759 -54.650 
41 -1.731 -53.158 


26.659 1.000 1.15 
25.431 1.000 5.29 
24.331 1.000 3.10 
24.163 1.000 15.85 
24.726 1.000 5.16 
24.882 1.000 14.32 
24.333 1.000 12.77 
25.060 1.000 15.72 
24.689 1.000 15.87 
25.583 1.000 14.86 
25.101 1.000 22.97 
26.884 1.000 12.48 
27.728 1.000 11.76 
29.229 1.000 10.95 
30.009 1.000 0.00 
29.630 1.000 10.31 
27.471 1.000 16.75 
27.494 1.000 14.29 
27.238 1.000 14.60 
26.917 1.000 11.25 

26.660 1.000 12.92 
26.198 1.000 15.77 
27.293 1.000 0.00 
25.733 1.000 24.28 
25.720 1.000 7.67 
25.740 1.000 13.04 
24.659 1.000 9.64 
23.451 1.000 3.53 
22.530 1.000 6.32 
23.761 1.000 9.32 
23.367 1.000 28.59 
24.456 1.000 21.51 
24.833 1.000 18.93 
25.744 1.000 28.00 
25.378 1.000 37.51 
26.214 1.000 40.85 
25.933 1.000 61.34 
27.248 1.000 9.83 
25.525 1.000 10.96 
25.106 1.000 18.66 
26.552 1.000 15.02 
27.337 1.000 22.27 
28.484 1.000 16.69 
29.624 1.000 14.55 
30.406 1.000 16.86 
31.344 1.000 13.75 
30.008 1.000 21.79 
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353 OE1 GLU 

354 OE2 GLU 

355 C GLU 

356 O GLU 


41 
41 
42 
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-3.261 -55.694 
-2.442 -56.589 
-4.190 -55.776 
-4.373 -57.007 
-5.707 -56.920 
-6.934 -57.122 
-8.226 -57.077 
-6.810 -58.438 
-3.217 -57.312 
-2.770 -58.457 
-2.693 -56.312 
-1.605 -56.590 
-2.086 -56.793 
-3.284 -56.838 
-1.136 -56.927 
-1.317 -57.012 
0.048 -56.939 
-2.034 -58.272 
-2.14 6 -58.520 
-2.524 -59.086 
-3.230 -60.298 
-2.705 -61.491 
-1.201 -61.625 
-0.710 -61.174 
-0.517 -62.159 
-4.732 -60.107 
-5.535 -60.992 
-5.097 -58.914 
-6.485 -58.519 
-6.909 -58.479 
-6.474 -59.693 
-5.160 -59.814 
-7.383 -60.690 
-4.760 -60.917 


-61.794 
-61.904 
-57.149 
-5.816 -56.366 
-7.992 -56.883 
-55.616 
-55.644 
-8.791 -54.276 
-9.726 -54.293 
-9.575 -55.205 
-10.602 -53.408 
-9.781 -55.280 
-10.722 -56.071 


-6.990 
-5.680 
-6.725 


-8.469 
-8.667 


26.493 
26.703 
25.546 
24.780 
24.012 
24.914 
24.119 
25.673 


.000 28.40 
.000 26.71 
,000 28.62 
.000 26.50 
.000 19.31 
.000 16.32 
.000 10.94 
.000 15.03 


23.846 1.000 23.29 
23.728 1.000 20.82 
23.141 1.000 22.18 
22.215 1.000 18.95 
20.791 1.000 23.97 
20.514 1.000 27.50 
19.879 1.000 22.72 
18.448 1.000 24.25 
17.755 1.000 13.44 
17.990 1*000 23.83 
16.787 1.000 17.77 
18,917 1.000 21.59 
18.495 1.000 17.80 
19.296 1.000 18.22 
19.113 1.000 24.69 
18.053 1.000 34.10 
20.007 1.000 33.14 
18.647 1.000 11.82 
1.000 23.89 
1.000 


18.364 
19.097 
19.253 
20.722 
21.529 


9.27 
1.000 12.25 
1.000 14.52 
1.000 11.99 
21.956 1.000 12.17 
21.846 1.000 8.34 
1.000 13.46 


6.30 
8.44 
1.000 13.30 


22.683 

22.575 1.000 
22.998 1.000 
18.615 
18.366 1.000 27.22 
349 1.000 12.78 
1.000 9.15 
16.325 1.000 11.20 
15.670 1.000 21.84 
1.000 25.88 
1.000 30.74 
14.388 1.000 7.59 
18.550 1.000 11.37 
18.545 1.000 11.73 


18. 
17.833 


14.474 
13.632 
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-9.775 -54.103 
-10.954 -53.604 
-10.595 -52.826 
-11.842 -52.251 
-9.849 -53.732 
-11.745 -52.714 
-11.147 -51.879 
-13.046 -52.943 
-14.031 -52.170 
-14.879 -53.068 
-15.735 -52.214 
-14.049 -54.081 
-14.687 -54.559 
-14.930 -51.406 
-15.531 -52.013 
-15.000 -50.085 
-15.730 -49.277 
-14.967 -47.984 
-13.623 -48.203 
-12.768 -46.966 
-12.744 -46.077 
-12.079 -46.870 
-17.145 -48.962 
-17,358 -48.318 
-18.118 -49.429 
-19.524 -49.179 
-20.173 -50.400 
-19.757 -50.596 
-20.348 -49.531 
-21.352 -48.912 
-19.820 -49.309 
-20.295 -48.788 
-21.202 -49.495 
-19.906 -47.655 
-20.533 -47.140 
-21.329 -45.887 
-20.785 -44.950 
-22.607 -45.890 
-23.498 -44.764 
-24.627 -45.195 
-25.576 -44.164 
-26.721 -43.872 
-24.856 -42.874 
-24.035 -44.204 
-24.664 -44.920 
-23.771 -42.918 


19.160 1.000 10.53 
19.843 1.000 8.11 
21.115 1.000 9.71 
21.773 1.000 15.31 
22.085 1.000 7.41 
18.882 1.000 12.72 
18.203 1.000 10.16 
18.862 1.000 13.04 
18.122 1.000 14.10 
17.203 1.000 16.77 
16.285 1.000 1.57 
16.415 1.000 18.10* 
1.000 14.33 
1.000 9.02 
1.000 15.82 
1.000 5.34 
19.911 1.000 12.03 
20.222 1.000 10.36 
1.000 7.32 
1.000 7.06 
1.000 5.78 
22.101 1.000 25.19 
19.446 1.000 6.79 
18.423 1.000 8.80 
20.225 1.000 9.34 
19.924 1.000 16.23 
19.270 1.000 15.22 
1.000 18.39 
1.000 17.99 
1.000 26.29 
15.809 1.000 15.93 
21.184 1.000 10.51 
1.000 7.29 
1.000 5.90 


15.133 
19.091 
19.983 
18.932 


20.889 
21.056 
20.177 


17.820 
16.917 
17.332 


21.623 
21.751 

22.961 1.000 
22.635 1.000 


3.93 
6.21 
1.000 16.40 


22.057 
22.989 1.000 11.68 
22.710 1.000 7.60 
21.792 1.000 4.45 
1.000 3.84 


21.185 
22.141 

20.817 1.000 
24.023 1.000 
24.801 1.000 
24.251 1.000 


1.000 15.09 
3.41 
5.05 
5.74 
9.85 


-24.192 -42.296 25.502 1.000 10.24 
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-33.695 -44.041 
-32.446 -42.557 
-31.209 -43.225 
-30.081 -42.211 
-30.162 -41.308 
-29.078 -40.228 
-29.378 -39.266 
-28.768 -38.115 
-27.756 -37.708 
-29.168 -37.347 
-30.728 -44.239 
-29.714 -44.887 
-31.389 -44.365 
-30.805 -45.057 
-31.052 -44.223 
-30.899 -42.707 
-31.285 -41.987 
-29.477 -42.333 
-31.299 -46.478 
-30.895 -47.092 
-32.139 -47.056 
-32.520 -48.457 
-33.807 -48.842 
-34.377 -50.172 
-33.732 -51.219 
-35.646 -50.164 
-31.406 -49.404 
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-30.697 -49.972 
-29.582 -50.854 
-29.911 -52.031 
-29.189 -52.293 
-30.982 -52.744 
-31.442 -53.885 
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-33.678 
-33.023 
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-52.371 
-52.033 
-50.870 
-49.637 
-51.730 
-51.720 
-51.505 
-51.210 


8.16 
7.27 


18.283 1.000 12.38 
19.404 1.000 11.98 
19.020 1.000 7.77 
18.831 1.000 
17.614 1.000 
17.713 1.000 11.05 

18.769 1.000 11.17 
19.001 1.000 13.35 
18.245 1.000 3.80 
20.010 1.000 9.93 
20.048 1.000 8.92 
19.774 1.000 13.65 
21.191 1.000 9.14 
22.335 1.000 13.92 
23.608 1.000 7.80 
23.481 1.000 8.78 

24.770 1.000 13.12 
23.090 1.000 3.77 
22.571 1.000 16.19 
23.574 1.000 
21.716 1.000 
21.927 1.000 
21.198 1.000 
21.658 1.000 11.70 
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21.622 1.000 1.39 
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18.004 
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5.92 
3.81 
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6.33 
4.05 
1.000 25.62 
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-27.124 -49.453 
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8.77 

17.478 1.000 10.31 
16.913 1.000 11.92 
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16.789 1.000 
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1.000 8.49 
1.000 1.47 
1.000 10.36 
1.000 9.07 
1.000 5.36 
1.000 10.80 
1.000 13.31 
1.000 10.40 
1.000 8.99 
1.000 7.76 
1.000 9.47 
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1.000 5.01 
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1.000 0.00 
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1.000 7.98 
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10.415 1.000 7.09 
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15.434 1.000 2.01 
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5 

In addition to the above-described determinations, a carbamate-inhibited 
perhydrolase crystal was also produced and analyzed. In these experiments, a N- 
hexylcarbamate derivative of wild type perhydrolase was used. Wild-type perhydrolase 

10 (1 4.5 mg in 1 mL, 67mM NaP04 pH 7 buffer) was titrated at room temperature with 1 .25 
l*L aliquots of 400 mM p-nitrophenyl-N-hexylcaibamate dissolved in DMSO. 
Perhydrolase. activity was measured with p-nitrophenylbutyrate assay (See, Example 2), 
as a function of time after each addition of the inhibitor. Several additions over several 
hours were required for complete inhibition of the enzyme. After inhibition was 

1 5 complete, the buffer of the inhibited enzyme solution was exchanged for 1 0 mM HEPES 
pH 8.3. This solution was stored at - 80*C until used for crystallization screening 
experiments were conducted as described above. The inhibitor />-nitrophenyl-N- 
hexylcarbamate was prepared by methods known in the art (See e.g., Hosie et al., J. Biol. 
Chem., 262:260-264 [1987]). Briefly, the carbamate-inhibited perhydrolase was 

20 crystallized by vapor diffusion using the hanging drop method known in the art. A ml 

solution of inhibited perhydrolase (15 mg/ml in 10 mM HEPES, pH 8.2), was mixed with 
4 nL of a reservoir solution (30% PEG-4,000 with 0.2 M lithium sulfate and 0.1 M Tris, 
pH 8.5) on a plastic coverslip, then inverted and sealed for a well of 6x4 Linbro plate 
containing 0.5 ml of the reservoir solution and allowed to equilibrate. Crystals formed 

25 within a few days. The crystals were flash frozen in liquid nitrogen and analyzed as 
described above. 

While the native octamer was determined in space group P4 with unit cell 
dimensions: 

a= 98.184 b= 98.184 and c= 230.1 19 a=90.00 p=90.00 y=90.00, this crystal diffracted 
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to about 2.0 A. The caibamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=67.754, b=80.096, and c=85.974 a=104.10° , p=l 12.10°, andy=97.40° 
and these crystals diffract to a resolution exceeding 1.0 A. 

The carbamate was bound in a manner to exploit the interactions between the keto 
5 oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Set 1 1 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
hydrophobic surface of the binding site out into the surface opening between pairs of 
dimers in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent to the side chain of 

10 ser 54. Mutating the serine side to valine increased the hydrophobicity, and also served 
as a gatekeeper to prevent hydrophilic nucleophiles (e.g., water) for competing with 
desired deacylating nucleophiles. The t residues surrounding the carbamate moiety on the 
same and neighboring molecules forming the extended entry are expected to influence the 
selection of the optimal de-acylating nucleophile. 

15 In addition, residues with surface-accessible side chain atoms were identified 

using the program "AreaMol," within the CCP4 program package. Table 15-1 lists these 
residues. In this Table, the residue number, residue name, number of surface-accessible 
side chain atoms having at least 10.0 square atoms of accessible surface area, and 
maximum surface area (square angstroms) for any side chain atom within that residue (or 

20 CA for GLY residues) in the octameric structure of perhydrolase are provided. 


Ta 

blel5-l. Surf 

ace-Accessible Side Chain Atoms 

Residue 
Number 

Residue 
Name 

Number of Accessible 
Side Chain Atoms 

Maximum Surface 
Area (Square 
Angstroms') 
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ALA 
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15.7 
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LYS' 
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54.10 
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VAL 
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19 

VAL 
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28.0 
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123 
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1 

50.5 
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202 

ARG 

3 

37.2 

203 

ASP 

2 

30.9 

206 

VAL 

2 

45.2 

210 

GLU 

3 

34.6 

211 

GLN 

2 

19.6 

213 

ARG 

5 

30.8 

214 

SER 

2 

20.8 

215 

LEU 

1 

25.80 


5 EXAMPLE 16 

Stain Removal 

In this Example, experiments conducted to assess the stain removal abilities of 
perhydrolase are described. 

Individual wells of 24 well culture plates were used to mimic conditions found in 

1 0 ordinary washing machines. Each well was filled with commercially available detergent 
(e.g. y Ariel [Procter & Gamble], WOB [AATCC], and WFK [WFK]), and pre-stained 
cloth discs cut to fit inside of each well were added. Temperature and agitation were 
accomplished by attaching the plate to the inside of a common laboratory 
incubator/shaker. To measure bleaching effectiveness of the perhydrolase, fabric stained 

1 5 with tea ( EMPA # 1 67, available commercially from Test Fabrics) was used. A single 
cloth disc was placed in each well, and 1 ml of detergent liquid, containing enzyme, ester 
substrate, and peroxide was added. After agitation at 100 - 300 rpm @ 20 - 60*C, the 
fabric discs were removed, rinsed with tap water, and allowed to dry overnight. The 
reflectance of each individual cloth disc was measured, and plotted as an "L" value. 

20 These results are provided in Figure 21 , which shows that the addition of the perhydrolase 
of the present invention to the detergent consistently provides a greater degree of 
bleaching than the detergents alone. In this Figure, "E" indicates the results for each of 
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the detergents tested in combination with the perhydrolase of the present invention. 


5 


EXAMPLE 17 


Cotton Bleaching 


In this Example, experiments to assess the use of the perhydrolase of the present 
invention for bleaching of cotton fabrics are described. 

Id these experiments, six cotton swatches per canister were treated at 55°C for 60 

10 minutes in a Launder-Ometer. The substrates used in these experiments were: 3 (3"x3") 
428U and 3 (3 M x3") 400U per experiments. Two different types of 100% unbleached 
cotton fabrics from Testfabrics were tested (style 428U (desized but not bleached army 
carded cotton sateen); and style 400U (desized but not bleached cotton print cloth). The 
liquor ratio was about 26 to 1 (-7.7 g fabric/- 200 ml volume liquor). The perhydrolase 

1 5 enzyme was tested at 12.7 mgP/ml, with ethyl acetate (3 % (v/v)), hydrogen peroxide ( 

1 500 ppm), and Triton X-100 (0.001 %), in a sodium phosphate buffer (100 mM) for pH 7 
and pH 8; as well as in a sodium carbonate (100 mM) buffer, for pH 9 and pH 10. 

Bleaching effects were quantified with total color difference by taking 4 CIE 
L*a*b* values per each swatch before and after the treatments using a Chroma Meter 

20 CR-200 (Minolta) , and total color difference of the swatches after the treatments were 
calculated according to the following: 

Total color difference (AE) =tI(&L 2 +Aa 2 +Ab 2 ) 




25 
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(where AL, Aa, Ab, are differences in CBE L*, CIE a*, and CIE b* values respectively 
before and after the treatments). 

Higher AE values indicate greater bleaching effects. The results (See, Figure 22) 
indicated that the perhydrolase showed significantly improved bleaching effects on both 
types of 100% cotton fabrics at pH 7 and pH 8 under the conditions tested. 

It was also observed that high amounts of motes (e.g., pigmented spots) 
disappeared on the enzyme treated substrates. 

EXAMPLE 18 
Linen Bleaching 

In this Example, experiments conducted to assess the linen bleaching capability of 
the perhydrolase of the present invention are described. The same methods and 
conditions as describe above for cotton testing (in Example 17) were used to test linen 
swatches. As indicated above, experiments were conduction in a Launder-O-meter using 
a linen fabric (linen suiting, Style L-53; Testfabrics). 

In these experiments, 3 (4"x4") linen swatches were treated with 12.7 mgP/ml of 
the perhydrolase enzyme with ethyl acetate (3 % v/v), hydrogen peroxide (1200 ppm), 
and Triton X-100 (0.001%), in a sodium phosphate buffer (100 mM) for pH 7 and pH 8. 
The bleaching effects were calculated as described above in Example 1 7. Figure 23 
provides a graph showing the bleaching effects of the perhydrolase of the present 
invention tested at pH 7 and pH 8 on linen. 

EXAMPLE 19 
Detergent Compositions 
In the following Example, various detergent compositions are exemplified. In 
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these formulations, the enzymes levels are expressed by pure enzyme by weight of the 
total composition and unless otherwise specified, the detergent ingredients are expressed 
by weight of the total compositions. The abbreviated component identifications therein 
have the following meanings: 


LAS : Sodium linear C] j _j 3 alkyi benzene sulfonate. 

TAS : Sodium tallow alkyl sulfate. 

CxyAS : Sodium Ci x - C\ y alkyi sulfate. 

CxyEz : Ci x -Cjy predominantly linear primary alcohol condensed with an 

average of z moles of ethylene oxide. 
CxyAEzS : Cj x -C^y sodium alkyl sulfate condensed with an average of z 

moles of ethylene oxide. Added molecule name in the examples. 
Nonionic : Mixed ethoxylated/propoxylated fatty alcohol e.g. Plurafac LF404 

being an alcohol with an average degree of ethoxylation of 3.8 and 

an average degree of propoxylation of 4 J. 
QAS : R 2 ^+(CH 3 )2(C2H40H)withR2 = C 1 2-Ci4. 

Silicate : Amorphous Sodium Silicate (SiC^^O ratio = 1.6-3.2:1). 

Metasilicate : Sodium metasilicate (Si02:Na 2 0 ratio = 1 .0). 

Zeolite A : Hydrated Aluminosilicate of formula Nai2(A102SiC>2)i2. 27H2O 

SKS-6 : Crystalline layered silicate of formula 5-Na2Si2(>5 

Sulphate : Anhydrous sodium sulphate. 

STPP : Sodium Tripolyphosphate. 

MA/AA : Random copolymer of 4: 1 acrylate/maleate, average molecular 

weight about 70,000-80,000. 

AA : Sodium polyacrylate polymer of average molecular weight 4,500. 

. Polycarboxylate : Copolymer comprising mixture of carboxylated monomers such as 

acrylate, maleate and methyacrylate with a MW ranging between 
2,000-80,000 such as Sokolan commercially available from BASF, 
being a copolymer of acrylic acid, MW4,500. 

BB1 : 3-(3,4-Dihydroisoquinolinium)propane sulfonate 

BB2 I -(3,4-dihydroisoquinolinium)-decane-2-sulfate 

PB 1 : Sodium perborate monohydrate. 

PB4 : Sodium perborate tetrahydrate of nominal formula NaBC>3 .4H2O. 

Percarbonate : Sodium percarbonate of nominal formula 2Na2C03.3H2C>2 - 

TAED : Tetraacetyl ethylene diamine. 

NOBS : Nonanoyloxybenzene sulfonate in the form of the sodium salt. 

DTP A : Methylene triamine pentaacetic acid. 
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HEDP 
DETPMP 

EDDS 

Diamine 

DETBCHD 

PAAC 
Paraffin 

Paraffin Sulfonate 

Aldose oxidase 

Galactose oxidase 
Protease 


Amylase 

Lipase 
Cellulase 

Pectin Lyase 

PVP 
PVNO 

PVPVI 


1,1-hydroxyethane diphosphonic acid. 
Diethyltriamine penta (methylene) phosphorate, marketed by 
Monsanto under the Trade name Dequest 2060. 
Ethylenediamihe-N.K-disuccinic acid, (S,S) isomer in the form of 
its sodium salt 

Dimethyl aminopropyl amine; 1,6-hezane diamine; l,3^ropane 
diamine; 2-methyl-l ,5-pentane diamine; 1 ,3-pentanediamine; 1- 
methyl-diaminopropane. 

5, 12-dieth>i-l,5,8,12-tetraazabicyclo [6,6,2] hexadecane, 
dichloride, Mn(H) salt 
Pentaamine acetate cobalt(HT) salt. 

Paraffin oil sold under the tradename Winog 70 by Wintershall. 
A Paraffin oil or wax in which some of the hydrogen atoms have 
been replaced by sulfonate groups. 

Oxidase enzyme sold under the tradename Aldose Oxidase by 

Novozymes A/S 

Galactose oxidase from Sigma 

Proteolytic enzyme sold under the tradename Savinase, Alcalase, 
Everlase byTJqvo Nordisk A/S, and the following from Genencor 
International, Inc: "Protease A** described in US RE 34,606 in 
Figures 1A, IB, and 7, and at column 1 1, lines 1 1-37; "Protease B" 
described in US5,955,340 and US5,700,676 in Figures 1 A, IB and 
5, as well as Table 1; and 'Trotease C" described in US6,312,936 
and US 6,482,628 in Figures 1-3 [SEQ ID 3], and at column 25, line 
12, "Protease D" being the variant 

101G/103A/104yl59D/232V/236H/245R/248D^52K(BPN , 
numbering) described in WO 99/20723. 

Amylolytic enzyme sold under the tradename Purafact Ox Am 8 - 
described in WO 94/18314, WO96/05295 sold by Genencor; 

Natalase®, Termamyl®, Fungamyl® and Duramyl®, all available 
from Novozymes A/S. 

Lipolytic enzyme sold under the tradename Lipolase Lipolase Ultra 

by Novozymes A/S and Lipomax by Gist-Brocades. 

Cellulytic enzyme sold under the tradename Carezyme, Celiuzyme 

and/or Endolase by Novozymes A/S. 

Pectaway® ^ Pectawash® available from Novozymes A/S. 

Polyvinylpyrrolidone with an average molecular weight of 60,000 

Polyvinylpyridine-N-Oxide, with an average molecular weight of 

50,000. 

Copolymer of vinylirnidazole and vinylpyrrolidone, with an average 
molecular weight of 20,000. 
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Brightener 1 : Disodium 4,4 , -bis(2-sulphostyryl)bipheayL 

Silicone antifoam : Polydimethylsiloxane foam controller with siloxane-oxyalkylene 

copolymer as dispersing agent with a ratio of said foam controller to 

said dispersing agent of 10:1 to 100:1. 
Suds Suppressor : 12% Silicone/silica, 1 8% stearyl alcohol,70% starch in granular 

form. 

SRP 1 : Anionically end capped poly esters. 

PEG X : Polyethylene glycol, of a molecular weight of x, 

PVP K60 ® : Vinylpyrrolidone homopoiymer (average MW 1 60,000) 

Jeffamine ® ED-2001 : Capped polyethylene glycol from Huntsman 
Isachem <S> AS : A branched alcohol alkyl sulphate from Enichem 

MME PEG (2000) : Monomethyl ether polyethylene glycol (MW 2000) from Fluka 

Chemie AG. 

DC3225C : Silicone suds suppresser, mixture of Silicone oil and Silica from 

Dow Coming. 

TEPAE : Tetreaethylenepentaamine ethoxylate. 

BTA : Benzotriazole. 

Blaine : (CHs^^COO* 

Sugar : Industry grade D-glucose or food grade sugar 

CFAA : C 12 -C 14 alkyl N-naethyl glucamide 

TPKFA : C12-Q4 topped whole cut fatty acids. 

Clay : A hydrated aluminumu silicate in a general formula 

AbCbSiQrxftO. Types: Kaolinite, montmorillonite, atapulgite, 

illite, bentonite, halloysite, 
MCAEM : Esters in the formula of R J O x [(R 2 )* (R 3 )J P 

pH : Measured as a 1% solution in distilled water at 20°C. 


EXAMPLE 20 
Liquid Laundry Detergents 


The following liquid laundry detergent compositions of the present invention are prepared. 



I 

II 

III 

IV 

V 

LAS 

18.0 


6.0 



Cu-CisAEi xS 


2.0 

8.0 

11.0 

5.0 

C 8 -C, 0 propyl dimethyl 
amine 

2.0 

2.0 

2.0 

2.0 

1.0 

C12-C14 alkyl dimethyl 
amine oxide 





2.0 
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C12-C15 AS 


17 0 


7 n 

o.U 

CFAA 


50 

40 

4 0 

1 ft 

J.U 

v ' 1 ^^ 14 ratty alcohol 

pin /\v 1 f\ nta 

clUOAVlalC 

12 0 


1 n 

1 n 

l.U 

1 n 

l.U 

ranv aciu 

1 1 A 

1 l.U 

1 1 A 

11.0 

4.0 

4.0 

3.0 

inline acta c annvarousi 

C f\ 

5.U 

1.0 

3.0 

3.0 

2.0 

JLJil 1 riVLr 

t n 

l.U 

1.0 

1.0 

1.0 

0.5 

Monoethanolamine 

11.0 

8.0 

5.0 

5.0 

2.0 

Sodium hvdroxide 

1.0 

1.0 

2.5 

1.0 

1.5 

Percarbonate 


3.5 

- 

2.5 

- 

Propanediol 

12.7 

14.5 

13.1 

10. 

8.0 

btnanol 

1.8 

1.8 

4.7 

5.4 

1.0 

Pectin Lvase 


- 

- 

0.005 

- 

Amylase 


0.002 

- 


- 

Cellulase 


• 

0.0002 


0.0001 

Lipase 

0.1 

- 

0.1 

- 

0.1 

Protease A 

0.05 

0.3 

0.055 

0.5 

0.2 

Aldose Oxidase 

0.03 


0.3 


0.003 

PAAC 

0.01 

0.01 


- 


DETBCHD 



0.02 

0.01 


SRP1 

0.5 

0.5 


0.3 

0.3 

Boric acid 

2.4 

2.4 

2.8 

2.8 

2.4 

Sodium xylene sulfonate 



3.0 



DC 3225C 

1.0 

1.0 

1.0 

1.0 

1.0 

2-butvl-octanol 

0.03 

0.04 

0.04 

0.03 

0.03 

DTPA 

0.5 

0.4 

0.35 

0.28 

0.4 

Briehtener 1 

0.18 

0.10 

0.11 



Perhvdrolase 

0.05 

0.3 

0.08 

0.5 

0.2 

MCAEM 

fC n-Cn E * Acetate) 

3.0 

8.0 

12.0 

1.5 

4.8 

Balance to 1 00% perfume / dve and/or water 


EXAMPLE 21 
Hand-Dish Liquid Detergent Compositions 
The following hand dish liquid detergent compositions of the present invention are 
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prepared 



I 

n 

m 

IV 

v 

VI 

CI2-C15AE1.8S 

30.0 

28.0 

25.0 


15.0 

10.0 

LAS 




5 0 

15 0 

12 0 

r ctlctiXill ouilvliKltv 




20 0 



r*»n.r t io Allrvl FltmAtlivl 
V^l0^v^l8 /VUtyi JL/lIIlCUljrl 

Aminp fYvtHf* 

flllilllv V/AlUv 


3 0 

7 0 




UvlOIHv 

3 0 


1 0 

3 0 

1 0 


C*tt Tmlv-fYR fattv arid 

V^I2 ]A/i J Wfl laity ctVltl 
alliJUw 




3 0 


1 0 

1 »\J 

CtA nnlv-OH fattv acid 
amide 


1.5 





C11E9 

2.0 


4.0 



20.0 

DTPA 





0.2 


Tri-sodium Citrate dihydrate 

0.25 



0.7 



Diamine 

1.0 

5.0 

7.0 

1.0 

5.0 

7.0 

MgCh 

0.25 



1.0 



Protease A 

0.02 

0.01 

0.02 

0.01 

0.02 

0.05 

Amylase 

0.001 



0.002 


0.001 

Aldose Oxidase 

0.03 


0.02 


0.05 


Sodium Cumene Sulphonate 




2.0 

1.5 

3.0 

PAAC 

0.01 

0.01 

0.02 




DETBCHD 




0.01 

0.02 

0.01 

PB1 

1.5 

2.8 

1.2 




Perhydrolase 

0.02 

0.01 

0.03 

0.01 

0.02 

0.05 
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I 

II 

III 

IV 

V 

VI 

MCAEM 

(C14-C15E 7 Acetate) 

3.4 

2.8 

4.0 

2.6 

4.6 

6.8 

Balance to 1 00% perfume / dye and/or water 


The pH of Compositions (IHVI) is about 8 to about 1 1 


EXAMPLE 22 

5 Liquid Automatic Dishwashing Detergent 

The following liquid automatic dishwashing detergent compositions of the present 
are prepared. 



I 

II 

III 

IV 

V 

STPP 

16 

16 

18 

16 

16 

Potassium Sulfate 


10 

8 


10 

1,2 propanediol 

6.0 

0.5 

2.0 

6.0 

0.5 

Boric Acid 

4.0 

3.0 

3.0 

4.0 

3.0 

CaCh dihydrate 

0.04 

0.04 

0.04 

0.04 

0.04 

Nonionic 

0.5 

0.5 

0.5 

0.5 

0.5 

Protease B 

0.03 

0.03 

0.03 

0.03 

0.03 

Amylase 

0.02 


0.02 

0.02 


Aldose Oxidase 


0.15 

0.02 


0.01 

Galactose Oxidase 



0.01 


0.01 

PAAC 

0.01 



0.01 


DETBCHD 


0.01 



0.01 

Perhydrolase 

0.1 

0.03 

0.05 

0.03 

0.06 

MCAEM 

5.0 

3.0 

12.0 

8.0 

1.0 

(C14-C15E12 Acetate) 
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i n in rv 

Balance to 1 00% perfume / dye and/or water 


EXAMPLE 23 
Laundry Compositions 
The following laundry compositions of present invention, which may be in the 
form of granules or tablet, are prepared. 

I II III IV V 

Base Product 

Cw-CisASorTAS 8.0 5.0 3.0 3.0 3.0 

LAS 8.0 - 8.0 - 7.0 

C12-C15AE3S 0.5 2.0 1.0 

Ci2-Ci5E 5 orE3 2.0 - 5.0 2.0 2.0 

QAS ... 1.0 1.0 

Zeolite A 20.0 18.0 11.0 - 10.0 

SKS-6(dryadd) - - 9.0 - 

MA/AA 2.0 . 2.0 2.0 

AA ... 4.0 

3Na Citrate 2H 2 0 - 2.0 - 

Citric Acid (Anhydrous) 2.0 - 1.5 2.0 

DTPA 0.2 0.2 - 

EDDS - - 0.5 0.1 

HEDP - - 0.2 0.1 

PB1 3.0 4.8 - - 4.0 

Percarbonate - - 3.8 5.2 
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I 

II 

m 

IV 

V 

NOBS 

1.9 

- 

- 

- 

- 

NACAOBS 

- 

- 

2.0 

- 

- 

TAED 

0.5 

2.0 

2.0 

5.0 

1.00 

BB1 

0.06 

- 

0.34 

- 

0.14 

BB2 

- 

0.14 

- 

0.20 

- 

Anhydrous Na Carbonate 

15.0 

18.0 

8.0 

15.0 

15.0 

Sulfate 

5.0 

12.0 

2.0 

17.0 

3.0 

Silicate 

- 

1.0 

- 

- 

8.0 

Protease B 

0.033 

0.033 

- 

- 

- 

Protease C 

- 

- 

0.033 

0.046 

0.033 

Lipase 


0.008 




Amylase 

0.001 




0.001 

Cellulase 


0.0014 




Pectin Lyase 

0.001 

0.001 

0.001 

0.001 

0.001 

Aldose Oxidase 

0.03 


0.05 



PAAC 


0.01 



0.05 

Perhydrolase 

0.03 

0.05 

1.0 

0.06 

0.1 

MCAEM** 

2.0 

5.0 

12.0 

3.5 

6.8 


Balance to 100% Moisture and/or Minors* 

• Perfume / Dye, Brightener / SRP1 / Na Carboxymethylcellulose/ Photobleach / MgS0 4 / 
PVPW Suds suppressor /High Molecular PEG/Clay. 

• ** MCAEM is selected from the group consisting of C Acetate, 
[C,2H25N(CH 3 )(CH2CH20Ac) 2 ] + Cl\ (CHj^N^CHiOCHjCHzOAc, or mixtures 
thereof.. 
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EXAMPLE 24 
Liquid Laundry Detergents 
Hie following liquid laundry detergent formulations of the present invention are 
prepared. 



1 

j. 

T 
1 

11 

ill 

IV 

V 

LAS 

i JO 

11c 

9.0 


4.0 

** 




3.0 

18.0 


16.C 


ii.j 

1 1.3 



16.0 





3.0 

2.0 

2.0 

1.0 


1 9 

O.J, 





CFAA 




5.0 


3.0 

TPKFA 




2.0 

0.5 

2.0 

V/lulC /YC1Q 

D.Z 

3.2 

0.5 

L2 

2.0 

1.2 








Ca formate 

0 1 

n 1 

-U.UO 

A 1 
0.1 



IN a IOiiiiatc 


0.5 

0.06 

0.1 

0.05 

0.05 

Na Culmene 

4.0 

4.0 

1.0 

3.0 

1.2 


Sulfonate 







Borate 

0.6 

0.6 


3.0 

2.0 

3.0 

Na hydroxide 

6.0 

6.0 

2.0 

3.5 

4.0 

3.0 

Ethanol 

2.0 

2.0 

1.0 

4.0 

4.0 

3.0 

1,2 Propanediol 

3.0 

3.0 

2.0 

8.0 

8.0 

5.0 

Mono- 

3.0 

3.0 

1.5 

1.0 

2.5 

1.0 

ethanolamine 







TEPAE 

2.0 

2.0 


1.0 

1.0 

1.0 

PB1 



4.5 


2.8 


Protease A 

0.03 

0.03 

0.01 

0.03 

0.02 

0.02 
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i i n in iv v 

Lipase - - - 0.002 

Amylase - - - 0.002 

Cellulase - ... 0,0001 

Pectin Lyase 0.005 0.005 - - 

Aldose Oxidase 0.05 - - 0.05 - 0.02 

Galactose oxidase - 0.04 

Perhydrolase 0.03 0.05 0.01 0.03 0.08 0.02 

MCAEM 3.2 4.6 1.8 3.5 6.2 2.8 

(C 12-Cl5 E6 

Acetate) 

PAAC 0.03 0.03 0.02 

DETBCHD - - - 0.02 0.01 

SRP1 0.2 0.2 - 0.1 

DTPA - 0.3 

PVNO - 0.3 0.2 

Brightenerl 0.2 0.2 0.07 0.1 

Silicone antifoam 0.04 0.04 0.02 0.1 0.1 0.1 

Balance to 100% perfume / dye, and/or water 


EXAMPLE 25 
Compact High-Density Dishwashing Detergents 
The following compact high density dishwashing detergent of the present 
invention are prepared: 

i n m rv v vi 

STPP - 45.0 45.0 - - 40.0 
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I 

n 

Ill 

IV 

V 

VI 

3Na Citrate 2H 2 0 

17.0 

_ 

_ 

50.0 

40.2 


Na Carbonate 

17.5 

14.0 

20.0 


8.0 

33.6 

Bicarbonate 

_ 



26.0 



Silicate 

15.0 

15.0 

8.0 


25.0 

3.6 

Metasilicate 

2.5 

4.5 

4.5 




PB1 



4.5 




PB4 




5.0 



Percarbonate 






4.8 

BB1 


0.1 

0.1 


0.5 


BB2 

0.2 

0.05 


0.1 


0.6 

Nonionic 

2.0 

1.5 

1.5 

3.0 

1.9 

5.9 

HEDP 

1.0 






DETPMP 

0.6 






PAAC 

0.03 

0.05 

0.02 




Paraffin 

0.5 

0.4 

0.4 

0.6 



Protease B 

0.072 

0.053 

0.053 

0.026 

0.059 

0.01 

Amylase 

0.012 


0.012 


0.021 

0.006 

Lipase 


0.001 


0.005 



Pectin Lyase 

0.001 

0.001 

0.001 




Aldose Oxidase 

0.05 

0.05 

0.03 

0.01 

0.02 

0.01 

Perhydrolase 

0.072 

0.053 

0.053 

0.026 

0.059 

0.01 

MCAEM 

3.5 

2.8 

1.6 

7.5 

4.2 

0.8 

(C 12-C13 E 6.5 







Acetate) 







BTA 

0.3 

0.2 

02 

0.3 

0.3 

0.3 

Polycarboxylate 

6.0 




4.0 

0.9 
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I II III IV V VI 

Perfume 0.2 0.1 0.1 0.2 02 0.2 

Balance to 100% Moisture and/or Minors* 

*Brightencr / Dye / SRP1 / Na Carboxymethylcellulose/ Photobleach / MgS0 4 / PVPW Suds 
suppressor /High Molecular PEG/Clay. 

The pH of compositions (I) through (VI) is from about 9.6 to about 1 1 .3. 

5 

EXAMPLE 26 
Tablet Detergent Compositions 
The following tablet detergent compositions of the present invention are prepared 
by compression of a granular dishwashing detergent composition at a pressure of 

10 13KN/cm2 using a standard 12 head rotary press. 

I II III IV V VI VII VIII 

STPP - 48.8 44.7 38.2 - 42.4 46.1 36.0 

3Na Citrate 2H 2 0 20.0 - - - 35.9 - 

Na Carbonate 20.0 5.0 14.0 15.4 8.0 23.0 20.0 28.0 

Silicate 15.0 14.8 15.0 12.6 23.4 2.9 4.3 4.2 

Lipase 0.001 - 0.01 - 0.02 

Protease B 0.042 0.072 0.042 0.031 - 

Protease C .... 0.052 0.023 0.023 0.029 

Perhydrolase 0.01 0.08 0.05 0.04 0.052 0.023 0.023 0.029 

MCAEM 2.8 6.5 4.5 3.8 4.6 2.8 2.8 2.8 

(C 12-Cl3 E 6.5 

Acetate) 

Amylase 0.012 0.012 0.012 - 0.015 - 0.017 0.002 
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i n m iv v vi vn vra 

Pectin Lyase 0.005 - - 0.002 - 

Aldose Oxidase - 0.03 - 0.02 0.02 - 0.03 

PB1 - - 3.8 - 7.8 - - 8.5 

Percaibonate 6.0 - - 6.0 - 5.0 

BB1 02. - 0.5 - 03 0.2 

BB2 - 0.2 0.5 - - 0.1 02 

Nonionic 1.5 2.0 2.0 2.2 1.0 4.2 4.0 6.5 

PAAC 0.01 0.01 0.02 

DETBCHD - - - 0.02 0.02 - 

TAED 2.1-1.6 

HEDP 1.0 - - 0.9 - 0.4 02 

DETPMP 0.7 ------ - 

Paraffin 0.4 0.5 0.5 0.5 - - 0.5 - 

BTA 02 0.3 0.3 0.3 0.3 0.3 0.3 

l»olycarboxylate 4.0 - - 4.9 0.6 0.8 

PEG 400-30,000 ----- 2.0 - 2.0 

Glycerol 0.4-0.5 

Perfiime - - - 0:05 0.2 0.2 0.2 0.2 

Balance to 100% Moisture and/or Minors* 

♦Brightener / Dye / SRP1 / Na Carboxymethylcellulose/ Photobleach / MgS0 4 / PVPW Suds 
suppressor /High Molecular PEG/Clay. 

The pH of Compositions (I) through 7(VIII) is from about 10 to about 1 1 .5. 

The tablet weight of Compositions 7(1) through 7(VHT) is from about 20 grams to about 30 

grams. 

EXAMPLE 27 
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Liquid Hard Surface Cleaning Detergents 
The following liquid hard surface cleaning detergent compositions of the present 
invention are prepared. 



I 

n 

m 

IV 

v 

VI 

VII 

C9-C1IE5 

2.4 

1.9 

2.5 

2.5 

2.5 

2.4 

2.5 


3 6 

29 

2.5 

2 5 

2.5 

3.6 

2.5 






8 0 




1 ft 

n r 

V.O 


J 0 


1 0 

1 .V/ 

2 0 

T AS 




0 8 

v/.o 


08 

v-v 

Qrt/liiitv* PiilmAnA ciilfirhnat^ 
OUUIUUI vUlIDdlC dUilULIalC 

1 .J 

? 6 


1 .J 

1 s 

1 .J 

1 S 
1 .j 

1 .J 

Tc»tf*Vi^t« (f$\ A Q 
J-OavvIiVi.il v£y AO 

0 £ 

0 6 




0 6 



0 6 

0 13 

Vs. 1 J 

v/.vJ 

n 1 

02 

06 

0 2 

W» Citrate ?T-T>0 

0 s 

W.J 

0 S6 

V.J 

0 6 

0 7S 

0 5 

V.J 

0 75 

V/. / J 

NaOH 

03 

V.J 

0 33 

0 3 

0 3 

0.5 

0.3 

0.5 

Fattv Acid 

0.6 

0.13 

0.6 

0.1 

0.4 

0.6 

0.4 

2-butyI octanol 

U.J 

U.j 


U.J 

U.J 

V.J 

U.J 

PEG DME-2000® 

0.4 


0.3 

0.35 

0.5 



PVP 

0.3 

0.4 

0.6 

0.3 

0.5 



MME PEG (2000)® 






0.5 

0.5 

Jeffamine ® ED-2001 


0.4 



0.5 



PAAC 




0.03 

0.03 

0.03 


DETBCHD 

0.03 

0.05 

0.05 





Protease B 

0.07 

0.05 

0.05 

0.03 

0.06 

0.01 

0.04 

Amylase 

0.12 

0.01 

0.01 


0.02 


0.01 

Lipase 


0.001 


0.005 


0.005 


Perhydrolase 

0.07 

0.05 

0.08 

0.03 

0.06 

0.01 

0.04 
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i n in iv v vi vn 

MCAEM(Ci2-CisE8 3.5 5.6 4.8 5.3 3.6 8.0 4.7 

Acetate) 

Pectin Lyase 0.001 - 0.001 - - - 0.002 

PB1 - 4.6 3.8 

Aldose Oxidase " 0.05 - 0.03 - 0.02 0.02 0.05 

Balance to 1 00% perfume / dye, and/or water 

The pH of Compositions (I) through (VII) is from about 7.4 to about 9 3. 


All patents and publications mentioned in the specification are indicative of the 
levels of those skilled in the art to which the invention pertains. All patents and 
publications are herein incorporated by reference to the same extent as if each individual 
publication was specifically and individually indicated to be incorporated by reference. 

Having described the preferred embodiments of the present invention, it will 
appear to those ordinarily skilled in the art that various modifications may be made to the 
disclosed embodiments, and that such modifications are intended to be within the scope 
of the present invention. 

Those of skill in the art readily appreciate that the present invention is well 
adapted to cany out the objects and obtain the ends and advantages mentioned, as well as 
those inherent therein. The compositions and methods described herein are representative 
of preferred embodiments, are exemplary, and are not intended as limitations on the scope 
of the invention. It is readily apparent to one skilled in the art that varying substitutions 
and modifications may be made to the invention disclosed herein without departing from 
the scope and spirit of the invention. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or limitations which is not specifically 
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disclosed herein. The terms and expressions which have been employed are used as 
terms of description and not of limitation, and there is no intention that in the use of such 
terms and expressions of excluding any equivalents of the features shown and described 
or portions thereof, but it is recognized that various modifications are possible within the 
5 scope of the invention claimed. Thus, it should be understood that although the present 
invention has been specifically disclosed by preferred embodiments and optional features, 
modification and variation of the concepts herein disclosed may be resorted to by those 
skilled in the art, and that such modifications and variations are considered to be within 
the scope of this invention as defined by the appended claims. 
1 0 The invention has been described broadly and generically herein. Each of the 

narrower species and subgeneric groupings falling within the generic disclosure also form 
part of the invention. This includes the generic description of the invention with a proviso 
or negative limitation removing any subject matter from the genus, regardless of whether 
or not the excised material is specifically recited herein. 

15 
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CLAIMS 

What is claimed is: 

5 1. An isolated perhydrolase, wherein said perhydrolase exhibits a 

pethydrolysis to hydrolysis ratio that is greater than L 

2. The perhydrolase of Claim 1 , wherein said perhydrolase is M. smegmatis 
perhydrolase. 

10 

3. An isolated perhydrolase, wherein said perhydrolase is at least 
approximately about 35% homologous to said M. smegmatis perhydrolase of Claim 2. 

4. The perhydrolase of Claim 2, wherein said perhydrolase comprises the 
1 5 amino acid sequence set forth in SEQ ID NO:2. 

5. An isolated perhydrolase having immunological cross-reactivity with said 
perhydrolase of Claim 2. 

20 6. The perhydrolase of Claim 2, wherein said perhydrolase is at least a 

portion of said M smegmatis perhydrolase, wherein said perhydrolase has a perhydrolysis 
to hydrolysis ration that is greater than 1. 

7. The perhydrolase of Claim 2, wherein said perhydrolase is a structural 
25 homologue of said M smegmatis perhydrolase, in which the active site is homologous to 
at least one amino acid selected from the group consisting of SI 1, Dl 92, and HI 95 of the 
M. smegmatis perhydrolase. 
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8. An isolated perhydrolase variant having an amino acid sequence 
comprising at least one modification of an amino acid made at a position equivalent to a 
position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQIDNO:2. 

9. The perhydrolase variant of Claim 8, wherein said at least one 
modification is made at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein said 
modified amino acid is selected from the group consisting of Cys7, AsplO, Serl 1, Leul2, 
Thrl3, Trpl4, Trpl6, Pro24, Thr25, Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, 
Thr91, Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, Phel50, 
ttel53, Phel54, Thrl59, Thrl86, Ilel92, Ilel94, and Phel96. 

1 0. The perhydrolase variant of Claim 8, wherein said modification comprises 
at least one substitution at an amino acid position equivalent to a position in M. 
smegmatis perhydrolase comprising the amino acid sequence set form in SEQ ID NO:2, 
wherein said at least one substitution is selected from the group consisting of 

Ml, K3, R4, 15, L6, C7, D10, Sll, L12, T13, W14, W16, G15, V17, P18, V19, D21, 
G22, A23, P24, T25, E26, R27, F28, A29, P30, D31, V32, R33, W34, T35, G36, L38, 
Q40, 041, D45, L42, G43, A44, F46, E47, V48, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, 160, D61, D62, P63, T64, D65, P66, R67, L68, N69, G70, A71, 
S72, Y73, S76, C77, L78, A79, T80, L82, P83, L84, D85, L86, V87, N94, D95, T96, 
K97, Y99F100, R101, R102, P104, L105, D106, 1107, A108, L109, G110, Mill, SI 12, 
VI 13, LI 14, VI 15, Tl 16, Ql 17, VI 18, LI 19, T120, S121, A122, G124, V125, G126, 
T127, T128, Y129, P146, P148, W149, F150, 1153, F154, 1194, and F196. 
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1 1 . The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in peracid hydrolysis compared to the wild-type perhydrolase. 

12. The perhydrolase variant of Claim 1 1 , wherein said change in peracid 
5 hydrolysis is a decrease. 

13. The perhydrolase variant of Claim 1 1, wherein said change in peracid 
hydrolysis is an increase. 

10 14. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 

exhibits a ratio of peracid hydrolysis of about 0.1 or less, in comparison with wild-type 
perhydrolase. 

1 5. The perhydrolase variant of Claim 1 4, wherein said modification 

1 5 comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of R4, 
L12, G15, P18, R27, W34I38, A44, E51, G52, L53, S54, T58, R67, L68, S72, A79, T80, 
D85, L86, V87, N94, K97, R101, VI 18, LI 19, G124, G126, and 1194. 

20 

1 6. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.2 or less, in comparison with wild-type 
perhydrolase. 

25 17. The perhydrolase variant of Claim 1 6, wherein said modification 

comprises at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
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NO:2, wherein said at least one substitution is selected from the group consisting of R4, 
15, D10, L12, W14, G15, P18, V19, T25, R27, W34, L38, A44, 149, E50, E51, G52, L53, 
S54, A55, R56, T58, N59, D62, T64, D65, R67, L68, N69, S72, S76, C77, A79, T80, 
D85, L86, V87, N94, K97, R101, L82, P83, L86, V87, N94, T96, F100, R101, L109, 
Mill, LI 14, VI 18, LI 19, A122, G124, G126, T127, Y129, W149, and 1194. 

1 8. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.3 or less, in comparison with wild-type 
perhydrolase. 

1 9. The perhydrolase variant of Claim 1 8, wherein said modification 
comprises at least one substitution at an amino add position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of R4, 
15, D10, L12, W14, G15, L12, P18, V19, G22, A23, T25, E26, R27, W34, G36, L38, 
Q41, L42, G43, A44, 149, E50, E51, G52, L53, S54, A55, R56, T57, N59, T58, D62, 
T64, D65, R67, L68, N69, G70, S72, Y73, S76, C77, A79, T80, L82, P83, D85, L86, 
V87, N94, T96, K97, Y99, F100, R101, R102, P104, L109, Gl 10, Ml 1 1, LI 14, VI 1 8, 
L119, A122, G124, V125, G126, T127, Y129, W149, F154, and 1194. 

20. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.4 or less, in comparison with wild-type 
perhydrolase. 

21 The perhydrolasevariant of Claim 20, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
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NO:2, wherein said at least one substitution is selected from the group consisting of R4, 
15, L6, D10, SI 1, L12, W14, G15, W16, P18, V19, G22, A23, T25, E26, R27, F28, W34, 
T35, G36, L38, 041, L42, G43, A44, D45, E47, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, T58, 160, D62, T64, D65, R67, L68, N69, G70, S72, Y73, S76, 
C77, A79, T80, L82, P83, D85, L86, V87, N94, P66, T96, K97, Y99, F100, R101, R102, 
P104, 1107, L109, GI10, Ml 1 1, SI 12, LI 14, VI 18, LI 19, S121, A122, G124, V125, 
G126, T127, Y129, W149, F150,.F154, 1194, and F196. 

22. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.5 or less, in comparison with wild-type 
perhydrolase. 

23. The perhydrolase variant of Claim 22, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A122, A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, 
L119, L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, S112, S54, S76, T116, 
T120, T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, 
K97, LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, 
T80, VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, L114, L119, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 1 8, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
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LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R1G2, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, V118, V125, V19, W149, W16, Y99, G190, V191, G193, T197, N201, 
D203, L208, A209, V212, L215, and L216. 

24. The perhydrolase variant of Claim 8, wherein said variant pethydrolase 
exhibits a ratio of peracid hydrolysis of about 0.6 or less, in comparison with wild-type 
perhydrolase. 

25. The perhydrolase variant of Claim 24, wherein said modification 
comprises at least one substitution at an amino add position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set form in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A122, A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, 
LI 19, L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, 
T120, T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, 
K97, LI 19, L12, L38, L53, L68, L86.N94, P18, R101, R27, R4, R67, S54, S72, T58, 
T80, VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, LI 09, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
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K97, L105, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, PI 04, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, 725, T57, T80, T96, 
VI 13, V125, V19, W16, Y129, Y73, Y99, G190, V191, G193, T197, N201, D203, L208, 
A209, V212, L215, and L216. 

26. The peihydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.7 or less, in comparison with wild-type 
perhydrolase. 

27. The perhydrolase variant of Claim 26, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A122, A23, A29, A55, IMS, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, 
LI 19, L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, S112, S54, S76, Tl 16, 
T120, T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, 
K97, L119, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, 
T80, VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, Fl 54, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, LI 09, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
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D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, 725, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
Tl 16, T120, T127, T128.T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 
Y73, Y99, G190, V191, G193, T197, N201, D203, L208, A209, V212, L215, and L216. 

28. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis of about 0.8 or less, in comparison with wild-type 
perhydrolase. 

29. The perhydrolase variant of Claim 28, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A122, A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, 
LI 19, L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, 
T120, T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, 
K97, LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, 
T80, VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Ml 1 1, LI 14, LI 19, W149, Yld29, A122, G126, T127, 
A23, A55, A79, D65, D85, E26, F154, G110, G124, G126, G22, G36, G43, G52, G70, 
149, K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, 041, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
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E26, E47, E51, F150, F196, F28, G110, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
5 K97, L105, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, 041, R102, R27, R56, SI 12, S121, S54, S72, 

10 Tl 16, T120, T127, T128, T13, T57, T64, V125, VI 7, V19, W14, W149, W16, Y129, 
Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 

15 V32, V87, W149, Y129, Y73, G190, V191 , G193, T197, N201, D203, L208, A209, 
V212, L215,andL216. 

30. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 

20 exhibits a ratio of peracid hydrolysis of about 1 .5 or greater, in comparison with wild-type 
perhydrolase. 

3 1 . The perhydrolase variant of Claim 30, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 

25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A122, A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, G110, G124, G43, LI 09, 
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LI 19, L42, L68, L78, L82, L84, N59, P66, R101 , R27, R4, R67, SI 12, S54, S76, Tl 16, 
T120, T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, 
K97, LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, 
T80, VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
L119, L53, L6, L68, L82, Ml 11, P104, P66, R102, R67, Sll, S112, S121, S54, S72, T25, 
T35, T57, T58, V118, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 11, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
V113, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
T116, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 
Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, and Y73, Y99, A108, A44, C7, D10, D106, D31, D61, D85, 
E26, E51, F100, F28, F46, Gl 10, G22, G36, G43, G52, G70, 1107, 1153, 149, 15, 189, K3, 
L105, L53, L6, L78, L86, Ml, N69, P104, P146, P18, P24, P30, P83, Ql 17, Q40, Q41, 
R102, R27, R33, R4, S121, S72, S76, T120, T128, T13, T35, T80, T96, VI 15, VI 18, 
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V32V48, V87, W34, G190, V191, G193, T197, E198, A199, R202, D203, G205, V206, 
A209,E210,Q211,S214, andL215. 

32. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a ratio of peracid hydrolysis between about 1 .2 and about 1 .5, in comparison with 
wild-type perhydrolase. 

33. The perhydrolase variant of Claim 32, wherein said modification 
comprises at least one substitution af an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, C7, D106, D31, D61, D85, E26, E50, E51, F100, F150, F28, F46, Gl 10, G126, 
G22, G70, 1107, K3, L105, L42, L6, L78, Ml 1 1, N59, N69, P104, P146, P148, P18, P30, 
P63, Q117, Q40, Q41, R102, R27, R33, R4, S54, S76, Tl 16, T120, T128, T64, T80, T96, 
VI 13, VI 15, VI 18, W34, and Y73. 

34. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is at least about 1.2. 

35. The perhydrolase variant of Claim 34, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of C7, 
D10, L12, G15, P18, V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, Q41, 
L42, G43, A44, D45, F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, P66, 
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R67, L68, N69, A71, S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, K97, 
R101, T103, P104, L105, D106, 1107, LI 09, Ml 1 1, VI 13, Ql 17, VI 18, S121, G124, 
V125, G126, T127, P148, F150, 1153, F154, and F196. 

5 36. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 

exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.8 or less. 

37. The perhydrolase variant of Claim 36, wherein said modification 

10 comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of 
A108, A122, A23, A29, A44, A55, A71, A79, C7, C77, D10, D106, D21, D45, D61, 
D62, D65, D85, E26, E47, E50, E51, F100, F150, F154, F196, F28, F46, G110, G124, 

15 G126, G15, G22, G36, G52, G70, 1107, 1153, 1194, 149, 15, 160, 189, K3, K97, L105, 
L109, LI 14, LI 19, L12, L38, L42, L53, L6, L68, L78, L82, L84, K86, Ml, Ml 1 1, 
N59N94, P146, P18, P24, P30, P66, P83, Q40, Q41, R101, R102, R27, R33, R4, R56, 
R67, SI I, SI 12, S54, S72, S76, T103, Tl 16, T120, T127, T128, T13, T25, T35, T57, 
T64, T80, T96, VI 13, VI 15, VI 18, V125, V17, V19, V32, V48, V87, W13, W149, W16, 
20 W34, Y129, Y73, and Y99. 

38. The perhydrolase variant of Claim 8, wherein said modification comprises 
at least one substitution at an amino acid position equivalent to a position in M. 
smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, 

25 wherein said at least one substitution is selected from the group consisting of A 1 08, 

A122, A23, A29, A44, A55, A71, A79, C7, C77, D10, D106, D21, D31, D45, D61, D62, 
D65, D85, E26, E47, E50, E51, F100, F150, F154F196, F28, F46, G110, G124, G126, 
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G15, G22, G36, G43, G52, G70, 1107, 1153, 1194, 149, 15, 160, 189, K3, K97, L105, L109, 
LI 14, LI 19, L12, L38, L42, L53, L6, L68, L78, L82, L84, L86, Ml, Ml 1 1, N59, N69, 
N94, P104, P146, P148, P18, P24, P30, P63, P66, P83, Ql 17, Q40, Q41, R101, R102, 
R27, R33, R4, R56, R67, SI 1, S112, S121, S54, S72, S76, T103, Tl 16, T120, T127, 
T128, T13, T25, T35, T57, T58, T64, T80, T96, VI 13, VI 15, VI 18, V125, y 17, V19, 
V32, V48, V87, W14, W149, W16, W34„ Y129, Y73, and Y99. 

39. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is between about 1 .2 and about 2. 

40. The perhydrolase variant of Claim 39, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of C7, 
D10, L12, G15, P18, V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, Q41, 
L42, G43, A44, D45, F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, P66, 
R67, L68, N69, A71, S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, K97, 
R101.T103, P104, LI 05, D106, 1107, LI 09, Mill, VI 13, Q117, VI 18, S121, G124, 
V125, G126, T127, P148, F150, 1153, F154, F196, G190, E198, A199, R202, D203, 
V206, A209, E210, Q21 1, and V212. 

41 . The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is between about 2 and about 2.5. 
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42. The perhydrolase variant of Claim 41 , wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
AT. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A44, 
C7, D10, D85, D95, E26, E47, 1107, L12, L42, P104, P148, S54, Q40, Q117, D203, 
V206,E210. 


43 . The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
1 0 exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 

periiydrolysis to wild-type perhydrolase perhydrolysis is between about 2.5 and about 3. 

44. The perhydrolase variant of Claim 43, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 

15 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 

NO:2, wherein said at least one substitution is selected from the group consisting of A44, 
C7, 1107, K97, L12, L78, P104, Q40, and V125. 

45. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
20 exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 

perhydrolysis to wild-type perhydrolase perhydrolysis is between about 3.0 and about 5. 

46. The perhydrolase variant of Claim 45, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 

25 M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 

NO:2, wherein said at least one substitution is selected from the group consisting of D10, 
D85,L53,L78,andS54. 
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47. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.1 or less. 

5 

48. The perhydrolase variant of Claim 47, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 

10 A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, T80, VI 15, V19, V32, V48, 
V87, W14, W149, W16, and W34. 

49. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
15 exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 

perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.2 or less. 

50. The perhydrolase variant of Claim 49, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 

20 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 

NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, SI 1 , S54, T120, T13, T25, T80, VI 15, VI 9, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, G110, G22, G52, 

25 G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, W149, W16, W34, 
Y129, and Y73. 
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5 1 . The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.3 or less. 

52. The perhydrolase variant of Claim 5 1 , wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, T80, VI 15, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, Gl 10, G22, G52, 
G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, V118, V48, W149, W16, W34, 
Y129, Y73, A122, A23, A44, C7, D10, D62, F150, G110, G22, G70, 1153, 1194, 160, 189, 
K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, N94, P146, Q41, R102, R27, R4, R56, 
SI 1, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, and Y129. . 

53. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.4 or less. 

54. The perhydrolase variant of Claim 53, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, F196, F28, G110, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
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L86,N94, P83, R102, R4,R56, Sll, S54,T120, T13, T25, T80, V115, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, Gl 10, G22, G52, 
G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, PI 8, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, W149, W16, W34, 
Y129, Y73, A122, A23, A44, C7, D10, D62, F150, Gl 10, G22, G70, 1153, 1194, 160, 189, 
K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, N94, P146, Q41, R102, R27, R4, R56, 
Sll, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, Y129, A55, C77, 
E51, F100, F150, F154, Gl 10, G126, G22, 1194, 189, K97, LI 14, L84, N59, P146, P83, 
R102, R27, R33, R4, R56, S112, S54, S72, S76, T120, T127, T13, T25, T57, T96, VI 18, 
V125, V19, and V87. 

55. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.5 or less. 

56. The perhydrolase variant of Claim 55, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, Fl 96, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, Sll, S54, T120, T13, T25, T80, V115, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, Gl 10, G22, G52, 
G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, W149, W16, W34, 
Y129, Y73, A122, A23, A44, C7, D10, D62, F150, Gl 10, G22, G70, 1153, 1194, 160, 189, 
K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 11, N94, P146, Q41, R102, R27, R4, R56, 
SI 1, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, Y129, A55, C77, 
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E51, F100, F150, F154, G110, G126, G22, 1194, 189, K97, LI 14, L84, N59, P146, P83, 
R102, R27, R33, R4, R56, SI 12, S54, S72, S76, T120, T127, T13, T25, T57, T96, VI 18, 
V125, V19, V87, A23, A55, D10, D23, E26, E50, E51, F150, Gl 10, G126, G15, G36, 
1107, 149, 15, K97, L109 JL1 19, L12 L38, L6, L68, L84, L86, Ml 1 1, N59, P146, P24, 
Q40, R101, R102, R27, R33, R4, R56, SI 12, S72, S76, T127, T25, T35, T80, T96, VI 15, 
V32, V87, W34, and Y129 . 

57. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.6 or less. 

58. The perhydrolase variant of Claim 57, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, T80, V115, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, Gl 10, G22, G52, 
G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, W149, W16, W34, 
Y129, Y73, A122, A23, A44, C7, D10, D62, F150, Gl 10, G22, G70, 1153, 1194, 160, 189, 
K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, N94, P146, Q41, R102, R27, R4, R56, 
SI 1, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, Y129, A55, C77, 
E51, F100, F150, F154, G110, G126, G22, 1194, 189, K97, LI 14, L84, N59, P146, P83, 
R102, R27, R33, R4, R56, S112, S54, S72, S76, T120, T127, T13, T25, T57, T96, VI 18, 
V125, V19, V87, A23, A55, D10, D23, E26, E50, E51, F150, G110, G126, G15, G36, 
1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, L68, L84, L86, Ml 1 1, N59, P146, P24, 
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Q40, R101, R102, R27, R33, R4, R56, SI 12, S72, S76, T127, T25, T35, T80, T96, VI 15, 
V32, V87, W34, Y129, A108, A44, A55, D21, D62, F150, gl26, G36, G52, 1107, 15, 189, 
LI 09, LI 14, LI 19, L12, L42, L53, L6, L68, L78, L84, P146, P24, P66, P83, R27, SI 12, 
S72, S76, T120, T127, T13, T35, T57, T58, T80, T96, VI 15,V1 18, V32, V48, V87, 
5 W149,andY73. 

59. The perhydrolase variant of Claim 8, wherein said variant perhydrolase 
exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.7 or less. 

10 

60. The perhydrolase variant of Claim 59, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A23, 

15 A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, Sll, S54, T120, T13, T25, T80, VI 15, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, Gl 10, G22, G52, 
G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, W149, W16, W34, 

20 Y129, Y73, A122, A23, A44, C7, D10, D62, F150, Gl 10, G22, G70, 1153, 1194, 160, 189, 
K97, L114, LI 19, L12, L38, L6, L68, L82, Ml 11, N94, P146, 041, R102, R27, R4, R56, 
Sll, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, Y129, A55, C77, 
E51, F100, F150, F154, Gl 10, G126, G22, 1194, 189, K97, LI 14, L84, N59, P146, P83, 
R102, R27, R33, R4, R56, SI 12, S54, S72, S76, T120, T127, T13, T25, T57, T96, VI 18, 

25 V125, V19, V87, A23, A55, D10, D23, E26, E50, E51, F150, Gl 10, G126, G15, G36, 
1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, L68, L84, L86, Mill, N59, P146, P24, 
Q40, R101, R102, R27, R33, R4, R56, SI 12, S72, S76, T127, T25, T35, T80, T96, VI 15, 
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V32, V87, W34, Y129, A108, A44, A55, D21, D62, F150, gl26, G36, G52, 1107, 15, 189, 
LI 09, LI 14, LI 19, L12, L42, L53, L6, L68, L78, L84, P146, P24, P66, P83, R27, SI 12, 
S72, S76, T120, T127, T13, T35, T57, T58, T80, T96, VI 15,V1 18, V32, V48, V87, 
W149.Y73, A122, A23, A29, A71, A79, C7, D61, D62, D85, E26, E51, F100, F28, F46, 
5 Gl 10, G126, G52, G70, 1107, 149, 15, 160, 189, LI 09, LI 14, L12, L38, L68, L82, L86, 
Ml 1 1, N59, N94, P83, R102, R33, R4, SI 12, S72, S76, T103, Tl 16, T128, T25, T35, 
T57, T58, T64, V19, V32, V48, V87, Y129, Y73^and Y99. 

.. 61. _The perhydrolase variant of Claim 8, wherein said variant perhydrolase 

1 0 exhibits a change in perhydrolysis, such that the ratio of variant perhydrolase 
perhydrolysis to wild-type perhydrolase perhydrolysis is about 0.8 or less. " 

62. The perhydrolase variant of Claim 36, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 

15 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 

NO:2, wherein said at least one substitution is selected from the group consisting of A23, 
A55, D10, D62, F150, F196, F28, G110, G52, G70, 1107, 1194, 15, K97, L12, L53, L6, 
L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, T80, VI 15, V19, V32, V48, 
V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, F154, G110, G22, G52, 

20 G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, P146, P18, R102, R33, 
R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 1 8, V48, W149, W16, W34, 
Y129, Y73, A122, A23, A44, C7, D10, D62, F150, Gl 10, G22, G70, 1153, 1194, 160, 189, 
K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 11, N94, P146, 041, R102, R27, R4, R56, 
SI 1, S54, T120, T13, T25, T35, T80, V48, W14, W149, W16, W34, Y129, A55, C77, 

25 E51, F100, F150, F154, G110, G126, G22, 1194, 189, K97, L114, L84, N59, P146, P83, 
R102, R27, R33, R4, R56, SI 12, S54, S72, S76, T120, T127, T13, T25, T57, T96, VI 18, 
V125, V19, V87, A23, A55, D10, D23, E26, E50, E51, F150, Gl 10, G126, G15, G36, 
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II 07, 149, 15, K97, L109 ,L1 19, L12 L38, L6, L68, L84, L86, Mill, N59, P146, P24, 
Q40, R101 , R102, R27, R33, R4, R56, SI 12, S72, S76, T127, T25, T35, T80, T96, VI 15, 
V32, V87, W34, Y129, A108, A44, A55, D21, D62, F150, gl26, G36, G52, 1107, 15, 189, 
LI 09, LI 14, L119, L12, L42, L53, L6, L68, L78, L84, P146, P24, P66, P83, R27, SI 12, 
S72, S76, T120, T127, T13, T35, T57, T58, T80, T96, VI 15.V1 18, V32, V48, V87, 
W149.Y73, A122, A23, A29, A71, A79, C7, D61, D62, D85, E26, E51, F100, F28, F46, 
Gl 10, G126, G52, G70, 1107, 149, 15, 160, 189, L109, LI 14, L12, L38, L68, L82, L86, 
Mil 1, N59, N94, P83, R102, R33, R4, S112, S72, S76, T103, T116, T128, 725, T35, 
T57, T58, T64, V19, V32, V48, V87, Y129, Y73, Y99, A108, A122, A29, A55, C77, 
D10, D106, D45, D61, D62, D65, D85, E47, E50, F100, F150, F28, F46, Gl 10, G124, 
G126, G15, G36, 1153, 1194, 15, 160, 189, K3, K97, L105, L109, LI 14, LI 19, L38, L42, 
L68, L84, L86, Ml, N59, P24, P30, P83, R101, R27, R4, R56, S112, S54, S76, T103, 
Tl 16, T120, T127, T128, T13, T35, T64, VI 13, V17, V19, V32, V48, V87> Y129, Y73, 
andY99. 

63. A perhydrolase variant, wherein said variant exhibits greater perhydrolysis 
activity and decreased peracid hydrolysis activity as compared to wild-type perhydrolase. 

64. The perhydrolase variant of Claim 8, wherein said perhydrolase exhibits 
perhydrolysis activity ratio of at least about 1 2, and peracid hydrolysis activity ratio of 
about 0.8 or less, as compared to wild-type perhydrolase. 

65. The perhydrolase variant of Claim 64, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A29, 
A44, A55, A71, A79, C7, D10, D106, D31, D85, E26, E47, F150, F154, F196, F28, 
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G124, G126, G36, G43, 1153, L109, LA2, L53, LI 09, L42, L53, L109, L42, L53, L68, 
L82, L86, Ml 1 1, N69, P104, P148, P18, P63, P66, P83, Ql 17, Q40, R101, R67, S54, 
S121, S72, S76, T25, T64, VI 15, and V19. 

66. The perhydrolase variant of Claim 8, wherein said perhydrolase exhibits 
perhydrolysis activity ratio of at least about 1 2> a peracid hydrolysis activity ratio of 
about 0.8 or less, and a protein concentration ratio of at least 0.5, as compared to wild- 
type perhydrolase. 

67. The perhydrolase variant of Claim 66, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A29, 
A44, A71, A79, C7, D85, E26, E47, E51, F150, F154, F196, F28, G124, G126, G36, 
1153, LI 09, L12, L53, L68, L82, Ml 1 1, N69, P104, P148, P18, P63, P66, P83, Ql 17, 
Q40, R101, R67, S121, S54, S72, S76, T25, T64, V125, and V19. 

68. A perhydrolase variant wherein said variant perhydrolase exhibits an 
increase in expression of said perhydrolase variant, as compared to the expression of 
wild-type perhydrolase. 

69. The perhydrolase variant of Claim 68, wherein said modification 
comprises at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein said at least one substitution is selected from the group consisting of A2, 
15, C7, F8, Sll, L12, T13, W14, W16, VI 7, P18, V19, E20, G22, A23, P24, T25, A29, 
P30, V32, T35, G36, V37, A39, F46, E47, S54, A55, R56, T58, 160, D61, D62, P63, T64, 
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P66, R67, L68, N69, G70, S72, Y73, L74, P75, S76, C77, L78, A79, T80, L82, P83, L84, 
L86, 189, T93, T96, K97, A98, Y99, F100, R101, R102, T103, P104, L105, D106, 1107, 
A108, L109, Gl 10, SI 12, VI 13, LI 14, VI 15, Tl 16, Ql 17, VI 18, LI 19, T120, S121, 
A122, G124, V125, G126, T127, T128, Y129, P130, P132, K133, L135, V136, S138, 
P141, L142, A143, M145, H147, W149, F150, Q151, 1153, G157, Q159, TI61, T162, 
L164, A165, R166, V167, Y168, A170, L171, A172, M175, K176, P178, A182, G183, 
S184, V185, 1186, T188, 1194, F196, V191, N201, L208, A209, Q21 1, Q213, S214, 
L215,andL216. 

70. An isolated protein comprising a homolog of M sfnegmatis perhydrolase, 
wherein said homolog is a protein within the SGNH-hydrolase family of proteins. 

71. An isolated protein having at least about 35% identity with the amino acid 
sequence of M. smegmatis perhydrolase, in which the protein comprises at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, G110, L114, LBS, F180, G205, SI 1, D192, and H195. 

72. An isolated protein having at least about 38% identity with the amino add 
sequence of M, smegmatis perhydrolase, wherein said protein exhibits perhydrolysis 
activity. 

73. A homolog of M. smegmatis perhydrolase, wherein said homolog is a 
perhydrolase comprising at least one motif selected from the group consisting of GDSLr 
GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. 

74. The homolog of Claim 72, wherein said homolog exhibits perhydrolysis. 
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75. The homolog of Claim 72, wherein said homolog exhibits a perhydrolysis 
to hydrolysis ratio that is great than about 1 . 

76. The homolog of Claim 72, wherein said homolog is immunologically 
cross-reactive with antibodies raised against said M smegmatis perhydrolase. 

77. The homolog of Claim 72, wherein antibodies raised against said homolog 
cross-react with said M smegmatis perhydrolase. 

78. An isolated protein having at least about 35% identity with the amino acid 
sequence of at least one M. smegmatis perhydrolase homolog, wherein said protein 
exhibits perhydrolysis activity. 

79. An isolated protein having perhydrolase activity, wherein said protein is in 
the form of a multimer in solution. 

80. The isolated protein of Claim 79, wherein said protein is a perhydrolase 
that comprises a dimer. 

8 1 . The isolated protein of Claim 79, wherein said protein is a perhydrolase 
that comprises an octamer. 

82. An isolated protein having perhydrolase activity, wherein said protein is in 
the form of a multimer in solution and said protein is selected from the group consisting 
of M smegmatis perhydrolase, M. smegmatis perhydrolase homologs, and M smegmatis 
perhydrolase variants. 
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83. The isolated protein of Claim 79, wherein said protein is selected from the 
group consisting of modified serine hydrolases and modified cysteine hydrolases, wherein 
said modified serine hydrolases or said modified cysteine hydrolases comprise increased 
perhydrolase activity as compared to unmodified serine hydrolases or unmodified 
cysteine hydrolases 

84. An isolated protein having perhydrolase activity, wherein said protein 
comprises at least one motif selected from the group consisting of GDSL-GRTT, GDSL- 
ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. 

85. The isolated protein of Claim 84, wherein said protein is obtained from a 
member of the Rhizobiales. 

86. The isolated protein of Claim 84, wherein said protein is obtained from a 
member of the genus Mycobacterium. 

87. An isolated gene identified using at least one primer selected from the 
group consisting of SEQ ID NOS:21-69. 

88. A method for identifying a perhydrolase, comprising the steps of: 

a) identifying source of said perhydrolase; 

b) analyzing said source to identify sequences comprising at least one 
motif selected from the group consisting of GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, 
GDSN-ARTT, and SDSL-GRTT; 

c) expressing said sequences identified in step b) to produce said 
perhydrolase; and 

d) testing said perhydrolase for perhydrolysis activity. 
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89. . The method of Claim 88, wherein said analyzing step is an amplification 
step wherein the primer sequences set forth in SEQ ID NOS:21-69 are used to amplifying 
said sequences comprising at least one motif selected from the group consisting of 
GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRIT. 

90. The method of Claim 88, wherein said source is selected from the group 
consisting of environmental sources and metagenomic sources. 

91. The protein identified using the method of Claim 88. 

92. An isolated nucleic acid sequence encoding the protein of Claim 91 . 

93. The method of Claim 88, wherein said protein exhibits a perhydrolysis to 
hydrolysis ratio that is greater than about 1 . 

94. The method of Claim 88, wherein said protein exhibits a perhydrolysis 
activity that is at least about 0.2, compared to the perhydrolysis activity exhibited by M 
smegmatis perhydrolase. 

95. The method of Claim 88, wherein said protein comprises at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, G110, L114, L135, F180, G205, Sll, D192, and H195. 

96. The method of Claim 88, wherein said analyzing step comprises searching 
at least one amino acid database. 


490 


WO 2005/056782 


PCT/US2004/040438 


GC821-2 

97. The method of Claim 88, wherein said analyzing step comprises searching 
at least one nucleic acid database to identify nucleic acid sequences encoding the amino 
acid sequences of said perhydrolase. 

98. The method of Claim 96, wherein said source is selected from the group 
consisting of environmental sources and metagenomic sources. 

99. An isolated nucleic acid sequence encoding the protein of Claim 96. 

100. An isolated nucleic acid sequence identified using the method of Claim 

96. 

101 . The method of Claim 96, wherein said protein exhibits a perhydrolysis to 
hydrolysis ratio that is greater than about 1 . 

1 02. The method of Claim 96, wherein said protein exhibits a perhydrolysis 
activity that is at least about 0.2, compared to the perhydrolysis activity exhibited by M 
smegmatis perhydrolase. 

1 03. The method of Claim 96, wherein said protein comprises at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, Gl 10, LI 14, L135, F180, G205, SI 1, D192, and H195, as set forth 
in SEQ ID NO:2. 

1 04. A variant perhydrolase of Claim 1 , wherein said variant perhydrolase has 
an altered substrate specificity as compared to wild-type M smegmatis perhydrolase. 
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1 05. The variant perhydrolase of Claim 1 04, wherein said variant has altered 
para nitrophenyl caproate (PNC) activity, as compared to wild-type M. smegmatis 
perhydrolase. 

5 1 06. A variant perhydrolase of Claim 1 , wherein said variant perhydrolase has 

an altered pi as compared to wild-type M. smegmatis perhydrolase. 

1 07. The variant perhydrolase of Claim 1 06, wherein said variant perhydrolase 
comprises at least one positively charged mutation. 

10 

108. The variant perhydrolase of Claim 106, wherein said variant perhydrolase 
comprises at least one negatively charged mutation. 

109. A variant perhydrolase of Claim 1, wherein said variant has increased 
1 5 stability, as compared to wild-type M. smegmatis perhydrolase. 

11 0. The variant perhydrolase of Claim 1 09, wherein said stability is selected 
from the group consisting of thermostability, enzymatic stability, and chemical stability. 

20 111. The perhydrolase of Claim 1 , wherein said variant exhibits at least one 

altered surface property. 

112. The perhydrolase of Claim 111, wherein said variant comprises mutations 
at least one substitution at sites selected from the group consisting of the residues set 

25 forth in Table 15-1. 

1 13. The perhydrolase of Claim 1, wherein said perhydrolase is a variant 
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perhydrolase having at least one improved property as compared to wild-type 
perhydrolase. 

1 14. An expression vector comprising a polynucleotide sequence encoding the 
perhydrolase variant of Claiml 13. 

115. A host cell comprising said expression vector of Claim 1 14. 

116. The host cell of Claim 115, wherein said host is selected from the group 
consisting of Bacillus sp., Streptomyces sp., Escherichia, and Pantoea sp. 

117. A perhydrolase produced by said host cell of Claim 116. 

118. A composition comprising at least a portion of the isolated perhydrolase 
of Claim 1. 

119. The composition of Claim 118, wherein said perhydrolase comprises the 
amino acid sequence set forth in SEQ ID NO:2. 

120. The composition of Claim 118, wherein said perhydrolase is encoded by 
the polynucleotide sequence set forth in SEQ ID NO:l . 

121. The polynucleotide sequence of Claim 1218, wherein said sequence 
comprises at least a portion of SEQ ID NO: 1 . 

122. An expression vector comprising the polynucleotide sequence of Claim 

121. 
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123. A host cell comprising said expression vector of Claim 122. 

124. The host cell of Claim 123, wherein said host is selected from the group 
consisting of Bacillus sp., Streptomyces sjh, Escherichia, and Pantoea sp. 

125. A perhydrolase produced by said host cell of Claim 124. 

126. A variant perhydrolase, wherein said perhydrolase comprises at least one 
substitution corresponding to the amino acid positions in SEQ ID NO:2, and wherein said 
variant perhydrolase has better performance in at least one property, compared to wild- 
type M. smegmatis perhydrolase. 

127. An isolated polynucleotide comprising a nucleotide sequence (i) having at 
least about 70% identity to SEQ ID NO:l, or (ii) being capable of hybridizing to a probe 
derived from the nucleotide sequence set forth in SEQ ID NO: 1 , under conditions of 
intermediate to high stringency, or (iii) being complementary to the nucleotide sequence 
set forth in SEQ ID NO:l. 

1 28. A vector comprising the polynucleotide of Claim 1 27. 

129. A host cell transformed with the vector of Claim 128. 

130. A polynucleotide comprising a sequence complementary to at least a 
portion of the sequence set forth in SEQ ID NO:l. 

131. A method of producing an enzyme having perhydrolase activity, 
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comprising: 

(a) transforming a host cell with an expression vector comprising a 
polynucleotide having at least 70% sequence identity to SEQ ID NO:l; 

(b) cultivating said transformed host cell under conditions suitable for said 
host cell to produce said perhydrolase; and 

(c) recovering said perhydrolase. 

1 32. The method of Claim 131, wherein said host cell is selected from the 
group consisting of Streptomyces, Pantoea, Escherichia, and Bacillus species. 

133. A probe comprising a 4 to 1 50 polynucleotide sequence substantially 
identical to a corresponding fragment of SEQ ID NO: 1 » wherein said probe is used to 
detect a nucleic acid sequence coding for an enzyme having perhydrolase activity. 

1 34. A cleaning composition comprising: 


135. A cleaning composition comprising: 

a) at least 0.0001 weight percent of said perhydrolase of Claim 1 ; 

b) a material selected from the group consisting of a peroxygen 
source, hydrogen peroxide and mixtures thereof, said peroxygen source being 
selected from the group consisting of: 

i. a per-salt; 

iL an organic peroxyacid; 
iii. urea hydrogen peroxide; 


a) 
b) 
c) 


at least 0.0001 weight percent of said perhydrolase of Claim 1 ; 
a molecule comprising an ester moiety; and 
optionally, an adjunct ingredient 
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iv. a carbohydrate and carbohydrate oxidase mixture, and 

v. mixtures thereof; 

c) from about 0.01 to about 50 weight percent of a molecule comprising an 
ester moiety; and 

d) optionally, an adjunct ingredient 

136. A cleaning composition comprising: 

a) from about 0.0001 to about 1 weight percent of said perhydrolase 

of Claim 8; 

b) a material selected from the group consisting of a peroxygen 

. source, hydrogen peroxide and mixtures thereof, said peroxygen source being 
selected from the group consisting of: 

vi. a per-salt 

vii. an organic peroxyacid; 

viii. urea hydrogen peroxide; 

ix. a carbohydrate and carbohydrate oxidase mixture, and 

x. mixtures thereof; 

c) from about 0.01 to about 50 weight percent of a molecule comprising an 
ester moiety 

d) optionally, an adjunct ingredient. 

137. A cleaning composition according to Claim 136, said composition 
comprising an adjunct ingredient. 

1 38. A cleaning composition according to Claim 1 37, wherein said adjunct 
ingredient is selected from the group consisting of surfactants, builders, chelating agents, 
dye transfer inhibiting agents, deposition aids, dispersants, enzymes, and enzyme 
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stabilizers, catalytic materials, bleach activators, bleach boosters, preformed peracids, 
polymeric dispersing agents, clay soil removal/anti-redeposition agents, brighteners, suds 
suppressors, dyes, perfumes, structure elasticizing agents, fabric softeners, carriers, 
hydrotropes, processing aids, pigments and mixtures thereof. 

1 39. A cleaning composition according to Claim 137, wherein: 

a) said perhydrolase exhibits a perhydrolysis to hydrolysis molar ratio 
that is greater than about 0.1; 

b) said per-salt is selected from the group consisting of alkalimetal 
perborate, alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal 
persulphates and mixtures thereof; 

c) said carbohydrate is selected from the group consisting of mono- 
carbohydrates, di- carbohydrates, tri- carbohydrates, oligo- carbohydrates and 
mixtures thereof; 

d) said carbohydrate oxidase is selected from the group consisting of 
aldose oxidase (IUPAC classification EC1. 1.3.9), galactose oxidase (IUPAC 
classification EC1 .1 .3.9), cellobiose oxidase (IUPAC classification EC1 .1 .3.25), 
pyranose oxidase (IUPAC classification EC1. 1.3.10), sorbose oxidase (IUPAC 
classification EC1 .1 .3.1 1) hexose oxidase (IUPAC classification EC1 .1.3.5). 
glucose oxidase (IUPAC classification EC1. 1.3.4) and mixtures thereof; and 

e) said molecule comprising an ester moiety has the formula: 

(i) wherein R 1 is a moiety selected from the group consisting 
of H, substituted or unsubstituted alkyl, heteroalkyl, 
alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryi, and 
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heteroaryl; 

(ii) eachR is an alkoxylate moiety; 

(iii) R 3 is an ester-forming moiety having the formula: 
R 4 CO wherein R 4 is H, alkyl, alkenyj, alkynyi, aryl, 
alkylaryi, alkylheteroaryl, and heteroaryl,; 

(iv) x is 1 when R 1 is H; when R 1 is not H, x is an integer that is 
equal to or less than the number of carbons in R 1 ; 

(v) p is an integer that is equal to or less than x; 

(vi) m is an integer from 0 to 50; and 

(vii) n is at least 1 

1 40. The cleaning composition of Claim 1 39, wherein: 

a) R 1 is an C2-C32 substituted or unsubstituted alkyl or heteroalkyl 

moiety, 

b) each R is independently an ethoxylate or propoxylate moiety; and 

c) m is an integer from 1 to 12. 

141 . The cleaning composition of Claim 140, wherein R 3 is an ester-forming 
moiety having the formula: R 4 CO wherein R 4 is: 

a) a substituted or unsubstituted alkyl, alkenyl or alkynyl moiety 
comprising from 1 to 22 carbon atoms; or 

b) a substituted or unsubstituted aryl, alkylaryi, alkylheteroaryl or 
heteroaryl moiety comprising from 4 to 22 carbon atoms. 

142. The cleaning composition of Claim 137, wherein the molecule comprising 
the ester moiety has the formula: 
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wherein: 

a) R 1 is H or a moiety that comprises a primary, secondary, tertiary or 
quaternary amine moiety, said R l moiety that comprises an amine moiety 
being selected from the group consisting of substituted or unsubstituted 
alkyl, heteroalkyl, alkenyi, alkynyl, aiyl, alkylaryl, alkylheteroaryl, and 
heteroaryl; 

b) eachR is an alkoxylate moiety; 

c) R 3 is an ester-forming moiety having the formula: 

R 4 CO wherein R 4 may be H, substituted or unsubstituted alkyl, 
alkenyi, alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaiyl; 

d) xis 1 whenR 1 isH; when R 1 is not H,x is an integer that is equal 
to or less than the number of carbons in R J ; 

e) p is an integer that is equal to or less than x 

f) m is an integer from 0 to 12; and 

g) n is at least 1. 

143. The cleaning composition of Claim 136, wherein said molecule 
comprising an ester moiety has a weight average molecular weight of less than 600,000 
Daltons. 

144. The cleaning composition of Claim 143, wherein said adjunct ingredient is 
selected from the group consisting of surfactants, builders, chelating agents, dye transfer 
inhibiting agents, deposition aids, dispersants, enzymes, and enzyme stabilizers, catalytic 
materials, bleach activators, bleach boosters, preformed peracids, polymeric dispersing 
agents, clay soil removal/anti-redeposition agents, brighteners, suds suppressors, dyes, 
perfumes, structure elasticizing agents, fabric softeners, carriers, hydrotropes, processing 
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aids, pigments and mixtures thereof. 

145. A method of cleaning, said method comprising the steps of: 

a) contacting a surface and/or an article comprising a fabric with the 
cleaning composition of Claim 1 36 and/or a composition comprising the cleaning 
composition of Claim 136; and 

b) optionally washing and/or rinsing said surface or material. 

1 46. A method of cleaning, said method comprising the steps of; 

a) contacting a surface and/or an article comprising a fabric with the cleaning 
composition of Claim 137 and/or a composition comprising the cleaning 
composition of Claim 137; and 

b) optionally washing and/or rinsing said surface or material. 

147. A bleaching composition comprising the perhydrolase of Claim 1. 

1 48. The bleaching composition of Claim 1 47, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
hemicellulases, and cellulases. 

149. A bleaching composition comprising the perhydrolase variant of Claim 8. 

1 50. The bleaching composition of Claim 1 49, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 


500 


WO 2005/056782 PCT/US2004/040438 


GC821-2 

eadoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 

151. A bleaching composition comprising the perhydrolase variant of Claim 

5 113. 

1 52. The bleaching composition of Claim 151, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 

10 endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 

1 53. A bleaching composition comprising the perhydrolase variant of Claim 

132. 

15 

1 54. The bleaching composition of Claim 1 53, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 

20 degrading enzymes, hemicellulases, and cellulases. 

155. A bleaching composition comprising the perhydrolase of Claim 3. 

1 56. The bleaching composition of Claim 1 55, further comprising at least one 
25 additional enzymes or enzyme derivatives selected from the group consisting of 

proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
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degrading enzymes, hemicellulases, and cellnlases. 

1 57. A disinfecting composition comprising the perhydrolase of Claim 1 . 

1 58. The disinfecting composition of Claim 1 57, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicelhilases, and cellulases. 

1 59. A disinfecting composition comprising the perhydrolase variant of Claim 

8. 

1 60. The disinfecting composition of Claim 1 59, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidorcductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 

161. A disinfecting composition comprising the perhydrolase variant of Claim 

113. 

1 62. The disinfecting composition of Claim 161, further comprising at least one 
additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidorcductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 
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1 63. A disinfecting composition comprising the perhydrolase variant of Claim 

132. 

5 1 64. The disinfecting composition of Claim 1 63, further comprising at least one 

additional enzymes or enzyme derivatives selected from the group consisting of 
proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 

10 

1 65. A disinfecting composition comprising the perhydrolase variant of Claim 

3. 

1 66. The disinfecting composition of Claim 1 65, further comprising at least one 
15 additional enzymes or enzyme derivatives selected from the group consisting of 

proteases, amylases, lipases, mannanases, pectinases, cutinases, oxidoreductases, 
endoglycosidases, lysozyme, bacterial cell wall degrading enzymes, fungal cell wall 
degrading enzymes, hemicellulases, and cellulases. 

20 


25 
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